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CONVERSION FACTORS, VERTICAL DATUM, WATER QUALITY UNITS,
WATER YEAR, AND ABBREVIATIONS AND ACRONYMS

Conversion Factors

Multiply By To obtain
acre 4,047 square meter

acre-foot (acre-ft) 1,233 cubic meter
acre-foot per acre (acre-fffacre) 1,233 cubic meter per acre

acre-foot per month (acre-ft/mo) 1,233 square meter per month
acre-foot per year (acre-ft/yr) 1,233 square meter per year
cubic foot per second (ft3/s) 0.02832 cubic meter per second

foot (ft) 0.3048 meter
inch (in.) 25.4 ndllimeter
mile (mi) 1.609 kilometer

square mile (mi2) 2.590 square kilometer
tons per year (tons/yr) 907.18486 kilogram per year

Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by
the following equation:

°F=1.8(°C)+32.

Vertical Datum

Sea level: In this paper, "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived
from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of
1929.

Water Quality Units                                                                 ~ ~

Concentrations of constituents in water samples are given in milligrams per liter (mg/L). Milligrams per liter i~.’Z~’~, i~’9 ~’."

Water Year

In U.S. Geological Survey papers dealing with surface water supply, the 12-month period October 1 to September 30.
The water year is designated by the calendar year in which it ends and which includes 9 of the 12 months. For example, the
year ending September 30, 1992 is called the "’1992 water year." In this paper, unless otherwise defined, "years" refer to
water years.
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Abbreviations and Acronyms                                                                                                       ~

GARB-, California Air Resources Board
COE, U.S. Army Corps of Engineers
CRWQCB, California Regional Water Quality Control Board
CVP, Central Valley Project
DWR, California Department of Water Resources
EPA, U.S. Environmental Protection Agency
GIRAS, Geographic Information Retrieval and Analysis System
LOWESS, LOcally WEighted Scatterplot Smoothing (technique)
NADP, National Atmospheric Deposition Program
NASQAN, National Stream Quality Accounting Network
NAWQA, National Water-Quality Assessment
NPDES, National Pollutant Discharge Elimination System
NWIS, National Water Information System of the U.S. Geological Survey
NWQL, National Water-Quality Laboratory
QA/QC., Quality assurance/quality control
SAS, Statistical Analysis System
STORET, STOrage and RETrieval database of the U.S. Environmental Protection Agency
SWP, State Water Project
SWRCB, California State Water Resources Control Board
USGS, U.S. Geological Survey

ram, millimeter
rag/L, milligram per liter
~S/cm, microsiemen per centimeter at 25 degrees Celsius
~tg/L, microgram per liter

.,.PRELIMINARY
SUBJECT TO REVISION .

Contents IX

D--039935
D-039935



PRELIMINARY
.SUBJECT TO REViSION

Water Quality Assessment of the San Joaquin-Tulare
Basins, California: Analysis of Available Data on
Nutrients and Suspended Sediment in Surface Water,
1972-1990
By Charles R. Kratzer and Jennifer L. Shelton

Abstract the basis of size distribution a~u.d load calculations
in the San Joaquin River and tributaries, most

Nutrients and suspended sediment in suspended sediment in the river comes from west
surface water of the San Joaquin-Tulare Basins inside sources.California were assessed using 1972-1990 data

Nulrient and suspended sediment loads infrom the U.S. Geological Survey’s National Water
Information System and the U.S. Environmentalthe lower San Joaquin River.were much greater in
Protection Agency’s STOrage and RETrieval a wet year (1986) than in a critically dry year
database. A database representative of ambient(1988). Ratios of 1986 to 1988 loads increased
surface water conditions was developed by with the particulate fraction of each constituent.
excluding sites representing or directly influencedDuring water years 1986-1988, nonpoint sources
by small subsurface agricultural drains, accounted for at least 81 pertent of the total
wastewater treatment plant effluents, major waternitrogen load and 68 percent of the total phos-
supply canals, and reservoirs. Comparisons of phorus load from the San Joaquin Basin. The
nutrient and suspended sediment concentrationsoverall transport of total nitrogen and total phos-
were made among three environmental settings:phorus from the basin during this time was
the San Joaquin Valley-west side, the San Joaquin5 percent and 3 percent of the total sources,
Valley-east side, and the Sierra Nevada. The respectively.
primary land use is agriculture at the valley sites

Flov~adjusted nitrate concentrations in theand forest at the Sierra Nevada sites. Soils at the
lower San Joaquin River have increased steadilywest side valley sites are primarily fine-grained
since 1950. This can be attributed to many factors,alluvial deposits from the Coast Ranges; the east

side valley sites are primarily coarser-grained.~- .including increases in subsurface agricultural
alluvial deposits from the Sierra Nevada. ~ drainage, fertilizer application, wastewater

Nutrient and suspend.ed sediment concen-treatment plant effluent, and runoff from dairies.

trations in sur(.ace water are highest at west sideSince 1970, this increase has been due primarily to
sites. Nutrient concentrations in the lower San increases of mostly native soil nitrogen_in
Joaquin River are determined primarily by rela-subsurface agricultural drainage. Flowttadjusted
tively concentrated inputs from west side agri-, ammonia concentrations have decreased during
cultural drainage, east side wastewater treatmentthe 1980s at several sites. These decreases are
plants and runoff from dairies, .and by relativelyprobably related to improved regulation of
dilute inputsfrom major east side tributaries. Ondomestic and dairy wastes.

Abstract 1
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PRELIMINARY
INTRODUCTION SUBJECT TO REVISION nitrogen (N). For ammonia, the ambient water quality

criterion to protect freshwater aquatic life are calcu-
The quality of the nation’s ground- and surface-lated using pH and temperature of the water at the time

water resources is being affected by numerous humanof sampling. In the study unit, the criterion for
and natural processes. Existing data generally areammonia ranges from less than 0.2 to greater than 50
inadequate to assess the status and trends in waterrag/L, as N. Although there are no established water
quality of large regions of the nation. In 1991, after aquality criteria for suspended sediment, studies have
pilot phase, the U.S. Geological Survey (USGS) beganshown that elevated concentrations adversely affect
to implement the National Water-Quality Assessmentfish (U.S. Environmental Protection Agency, 1986).
(NAWQA) Program to integrate information about
water quality at a wide range of spatial scales, from
local to national, and to focus on water quality DESCRIPTION OF THE STUDY UNIT
conditions that affect large areas of the nation or occur
frequently w!thin numerous small areas. Physiographic and GeQlogic Settings

In 1991, the San Joaquin-Tulare Basins study
unit in California was selected as one of the first 20 The San Joaquin-Tulare Basins study unit has a
NAWQA study units for full-scale implementation,drainage area of 28,500 square miles (mi2) in three
Key water quality issues of concern in the study unitmajor physiographic provinces of central California:
are concentrations of salinity, trace elements, pesfi-the Sierra Nevada, the San Joaquin Valley, and the
tides, and nutrients in surface water and ground water.Coast Ranges (.,fig. 1). The study unit is divided further
The highest priority national issues for the first 20into the San Joaquin Basin to the north and the
NAWQA study units are pesticides and nutrients. Anhydrologically closed Tulare Basin to the south. During
important first step for each study unit is to review whatwet years, some surface water from the Tulare Basin
is already-known about each of these issues. In flowsinto the San Joaquin Basin by overflow from the
particular, the study design and selection of samplingKings River to the San Joaquin River (by way of
locations for each study unit will be influenced by theFresno Slough). The boundary of the study unit is
availability and interpretation of existing informationdefined by the drainage divides of the Sierra Nevada
on the priority constituents. A retrospective reportand Coast Ranges (U.S. Geological Survey, 1978).
consisting of a review and an analysis of existing dataThe Sierra Nevadaattain a maximum altitude of
on nutrients and pesticid.es for each study unit is one of14,495 feet (ft) at Mount Whitney, the highest point in
the first major product,~ of the NAWQA Program. the conterminous United States. In contrast, the San

This report presents an analysis of available dataJoaquin Valley is a flat structural basin bounded by the
on nutrients and suspended sediment in surface waterSierra Nevada to the east, the Coast Ranges to the west,
of the San Joaquin-Tulare Basins study unit. Exceptthe Tehachapi Mountains to the south, and the
for Vernalis, the main downstream site on the SanSacramento-San Joaquin Delta to the north. Altitudes
Joaquin River, data analysis is limited to 1972-1990.generally range from about 3,000 to 5,000 ft for the
The purposes of this report are to: (1) describe theCoast Ranges, about 5,000 to 8,000 ft for the Tehaehapi
spatial and temporal availability of nutrient and Mountains, and about 8,000 to 14,000 ft for the Sierra
suspended sediment data in the study unit, and (2)Nevada. Land-surface altitudes of the valley rise from
present a preliminary description of the spatial andnear sea level in the north to 1,000 ft above sea level in
temporal patterns of concentrations arid loads in.thethe southeast.
study unit. The information presented in this report was The bedrock geology of the Sierra Nevada to the
used to guide collection and interpretation of dataeast of the San Joaquin Valley contrasts sharply with
during the NAWQA studies., that of the Coast Ranges to the west..The Sierra Nevada

The nutrients discussed in this report are nitro-primarily are composed of pre-Tertiarygranitic rock
gen and phosphorus, the main nutrients responsible forand are separated from the valley by a foothill belt of
eutrophication in surface water. The U.S. Environ-Mesozoic and Paleozoic marine rocks and Mesozoic
mental Protection Agency (EPA) has set criteria formetavolcanic rocks along the northern one-third of the
nitrogen (nitrate and ammonia), but not for phos- boundary (California Division of Mines and Geology,
phorus. The maximum allowable level for nitrate in1958, 1959, 1964, 1965, 1966, 1967, 1969). The Coast
drinking water is 10 milligrams per liter (rag/L) asRanges have a core of Franciscan complex of Late

2 Water’Quality Assessment and Analysis of Data, San Joaquin--Tulare Basins, California, 1972-1990 .
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PRELIMINARY
Jurassic to Late Cretaceous or Paleocene age and ofSurface Water Hyd~:~9~I’;T’’’" """ T0REVISION
ultramafic rocks of Mesozoic age. These rocks are
overlain by marine and continental sediments of As expected, mean annual runoff follows the

Cretaceous to Quaternary age and some Tertiary same general pattern as precipitation, with the largest

volcanic rocks, amounts in the Sierra Nevada followed by the valley

Sediment of the San Joaquin Valley consists ofand Coast Ranges (Gebert and others, 1987). As with

interlayered gravel, sand, silt, and clay derived fromprecipitation, runoff increases from south to north.
Runoff in the Sierra Nevada varies from about 10 in. tothe adjacent mountains and deposited in alluvial-fan,
more than 40 in. Runoff in the valley varies from lessflood-plain, flood-basin, lacustrine, and marsh
than 1 in. to almost 10 in. Runoff is less than 2 in.environments. The thickness of the aquifer system
throughout the Coast Ranges.formed by these sediments averages more than 2,500 ft

~treamflow for 1950-1991 at sevenand increases from north to south, with a maximum
thickness of more than 9,000 ft at the southern end ofrepresentative sztes in the study unit is shown in figure.

the valley (Bertoldi and others, 1991). The lithology3:oThese include three Sierra Nevada sites, three San
Joaqnin Valley. sites, and one Coast Ranges site.and texture of the sediments reflect their source area

and manner of deposition. Sediments in the west sidesites show the effect of the recent drought years (.~
¯

1992) and the relatively wet period preceding the.alluvial fans are coarsest at the heads of the fans and
drought (1978-1986). As with precipitation, armual.consist predominantly of fine-grained silt and clay in

the rest of the west side of the valley (Laudon andstreamflow,,,7..~ .. ~is highly variable.
(~eart~treamflow at the sevenBelitz, 1991). In general, sediments derived from the

representative sit~s shown in"~gure 4. All Sierra
Coast Ranges are finer grained than those derived from.

Nevada sites have peak flows in May and June; thisthe Sierra Nevada.
corresponds to the peak period of snowmelt runoff. The
Mokelunme River site has a lower-altitude drainage

Climate basin and more rain than snow, relative to the other
Sierra Nevada sites. This probably accounts for the

The San Joaquin Valley has an arid to semiaridflatter peak period for this site.
climate that is characterized by hot summers and mildThe peak streamflows at the San Joaquin Valley
winters. The San Joaquin Valley and the eastern slopesand Coast Ranges sites usually occur during February
of the Coast Ranges are in the rainshadow of the Coastthrough April. Major reservoir development has altered
Ran. ges. The Sierra Nevada force warm, moist the seasonal patterns at the Merced River near
airmasses from the Pacific Ocean aloft. As the Stevinson and San Joaquin River near Vernalis sites,
airmasses cool, the moisture condenses, resulting inand the seasonal patterns are shown before and after
heavy precipitation on the western slopes. This development of major reservoirs (fig. 4). The
precipitation, occurring as both rainfall and snow, is thepostreservoir period at the San Joaquin River near
major source of water in the study unit. Vernalis was a much wetter period. Mean annual flows

Mean annual precipitation (1911-1960) on thewere 5,160_~_____cubie feet per second (ft3/s) compared to.
SanJoaquin Valley floor varies from 5 inches (in.) in3,970 fto./.s~,~e prereservoir period and ~
the south to about 15 in. in the north (fig;.2). Precipi-monthlyAs~a~aflows were higher in the postreservoir
tatioh.in the Sierra Nevada, mostly in the form of snow,period f6r all months except June (fig. 4). The .
varies from about 20 in. to more than 80 in. at somepostreservoir seasonal patterns at the Merced
higher altitudes. Precipitation in the Coast Range~ .."(1967-1991) and San Joaquin River (1979-1991) sites
(within the study unit) varies from less than 10 in. toare influenced by winter rainfall (December to March),
more than 20 in. As in the valley, precipitation in thefish-release schedules (April to June), hydropower
Sieira Nevada and Coast Ranges increases from southreleases, dilution releases to meet Sacramento-San
to north. Annual precipitation is highly variable; theJoaquin lJelta water quality standards, and upstream
recent drought in California (1987-1992) resulted fromagricultural diversions. The Cosumnes River and Los
years of below2normal precipitation in the Sie .rra Gatos Creek sites are not affected by upstream reser-

. Nevada. Throughout the study unit, more than 80voirs. The seasonal pattern for Los Gatos Creek
percent of the annual precipitation falls during corresponds directly to rainfall runoff; the Cosumnes
November through April. Jaimary is the mont.h Of peakRiver has a combination of rainfall and snowmelt
precipitation in most areas, runoff.

4 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990
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PRELIM ,ARY
@!!!) I~’PT Tit;.4 ~ ~ ~ ~u~- ~ ~ -~.,~.v.. ~ ~ 3.7 ~llion acre-feet per ye~ [acre-fffyr] during 1979-

¯ Unimpairo~ flow to valley floor 1992) is much less ~ the me~ unimp~ed flow to
in San 0oaquin River ~asin

O ~e~ured oumow from ~e v~ley (~out 6.1 ~lfion acre-~yr dufng the s~e
~.2 ~ 0~aquin River ~sin ~fiod) mostly ~cause of a~cul~ water use ~ ~e

b~. ~e t~g of acm~ outflow (fig. 5) is more
every ~s~bu~d ~oughout the ye~ ~ the
~p~ed flow to the v~Iey because of the storage~.o
~d rele~e schedules of ~e four major ups~e~
mse~o~, w~ch have a comb~ed tot~ storage
cap~iu of ~ost 6 ~fion acre-f~t (acre-ft).

0.S Rese~ok development ~d wa~r use ~ ~e b~in have

~ s~ ~e pe~ ou~ow ~om May to M~ch ~d
~ reduc~ t~S pe~ flow ~om about 1.3 ~llion acre-feet
~ 0.s ~r mon~ (~re-Nmo) to about 0.6 ~fion acre-~mo
~ d~g 1979-1992 (fig. 5).

~ Major mse~oks (capaciU more ~ 75,~0

0.4 ~re-~) ~d dis~bution systems in ~e study u~t ~e
sho~ ~ fi~e 6 ~d 5st6d in ~ble ]~: ~e o~y major

~ s~e~ the s~dy a major rese~o~is the~t wi~out
Cosu~es ~ver. TwenU-t~ee of ~e 25 rescuers

0.2 fisted ~ ruble 1 ~e used at le~t ~ p~ for hy~opower
production. ~e exceptions ~e Eastm~ L~e (sire 22)
~d Hensley L~e (sire 23), w~ch ~ used pfm~ly

0 for ~gafion supply. Over~,r 13 of~e 25 mse~,o~s
Oct Nov O~e Jan Feb Mar Apt Maydun¢ duly AuO S~pt~e used at le~t ~ p~ for ~gation. O~y fiv~~

~t~tttd’ ~ ~a~ ~t~M°nth rese~o~ have si~fic~t mu~cip~ uses: Het~
Hereby Rese~ok (site 2) is o~ned ~d opera~d~flu~ Su~onthly me~ streamflow, San Joaquin Basin,

Califomiat 1979-1992. ei~ ~d coun~ of S~ Fr~ciseo, P~d~ Rese~,o~
(si~ 4) is owned ~d opem~d.by East Bay

~e ove~ eff~t of rese~oks ~d a~eul~flU~ Dis~ct for water supply east of S~
wamr use on ou~ow from ~e Sm Jo~uin B~ isBay, md S~ L~s Rese~ok (site 19) is jo~fly o~ed

flow to ~e vflley floor ~~ J0~u~ B~ is R~l~afion ~OR) ~ a major storage rese~ok of
c6mp~ed ~ ou~ow of ~e Sm Jo~u~ ~ver ~t S~ Wa~r ~oject (S~) ~d ~e Cen~ Vflley
Vem~s, for ~e pos~ese~ok-development period of~oj~t (C~) aqueduct systems. ~ ~e ~d-1990s,
1979-1992. U~p~ed flow, a te~ used by ~e New Don Pe~o (site 21) ~d New Hog~ (ske 18)
C~o~a Dep~ent of Wa~r Reso~ces (D~), mse~oks s~ed to supply mu~cipfl water to ~e
~p~sen~ ~e ~off from a b~in ff ~e flow of w~ercities of Modesto ~d Stoc~on to supplement
Md not b~n fl~r~ (C~o~a Dep~ent of Waterd~g ~o~d wa~r supplies (G~er Re~olds~i
Reso~ces, 1987a). ~e to~ ~imp~ed s~ow toof Modesto, err co~un., 1996; Cfl~o~a
¯ e v~ley floor ~ ~e S~ ]oaqu~ B~ (fig. 5) is ~Dep~ent of Water Resources, 1994a).
sum of ~p~ flows on ~e Sm Joaqu~ ~ver at" Water dis~bufion systems shown in fi~e 6
M~e~on ~e (sire 6, ~.~ Merced ~ver ~ L~e ~clude feazes of ~e S~ (C~o~a Aqueduc~ site
McClure(site 20), Tuolu~e ~ver at New Don Pe~oL), ~e ~ (Delta-Mendom [site ~, Filet-Kern [sim
Rese~ok (site 21), S~slaus ~ver at New MelonesHI, ~d Madera [site J] C~fls), ~d Merced, Modesto,
Rese~ok (site 24), ~d ou~ow from ~e ~l~e B~O~e, Sou~ S~ Joaqu~, ~d T~lock ~gation
by way of Fresno Slough (fig. 6). ~e u~p~ed flowDis~cts. ~ese ~e ~e major dis~bution systems for
provides ~ estimate of the to~ wa~r ~at would bea~cul~fl water supply ~ the study u~t. Liale muni-
exited to reach Vem~is under namr~ conditions,cipfl water in the study unit is provided by ~ese
~e actufl outflow from t~S~ Joaquin B~ (aboutdis~bution systems; ~e exception is the city of

8 Water Quality Assessment and Analysis of Data, San Joaquin-Tular.e Basins, California, 1972-1990

D--039943
D-039943



PRELIMINARY
121° 2o° SUBJECT TO REVISION1
.̄..k ~ %’ EXPLANATI ON

.J ~. .~ 1 Reservoir and site number
I ~B Distribullon system and slt~

number

reservoirs and distribu’don
systems shown in table 1

Study unit boundary

19                        ¯

-,

(

!

¯

"Visalia°

Figure 6, Major resewoirs and distribution systems in San Joaquin-Tulare Basins, California, study unit.

Modesto..The California (site L), Hetch Hetchy (site 60-20-20 water year index, and used by the California
G), and Moke]nmne (site F) Aqueducts transport water State Water Resources Control Board (SWRCB), th~s
from the San Joaquin Basin to municipal users outside represents the percentage weight given to three vari-
the study unit. ables: the forecasted, unimpaired runoff from April

Water availability for allocation and regulation" through July (60 percent); the forecasted, unimpaired
in the San Joaquin Basin is defined by a water yea~, runoff from October tlxrough March (20 percent); and
hydrologic classificatio_.n system. Kflown as the " ~ the reservoir carryover storage from the previous water

¯ Description of the Study Unit 9
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Table 1. Major reservoirs and distribution systems, San Joa~luin-Tulare Basins, California, study unit

[Major use: I, irrigation; M, municipal supply; P, hydropower production. Acre-g, acre-feet; ft3/s, cubic feet per second; mi, mile. California
Department of Water Resources, 1984, 1987b, 1994a; California State Water Resources Control Board, 1987; Garner Reynolds,~city of
Modesto, oral commun., 1996]

Capacity MajorSite No.
Reservoir Year

(bhousand Waterway(fig. 6) completed
acre-if)

use

1 Huntington 1917 89 San Joaquin River P
2 Heteh Hetchy 1923 360 Tuolumne River M,P
3 Shaver 1927 135 San Joaquin River P
4 Pardee 1929 210 Mokehmme River M,P
5 Salt Springs 1931 139 Mokelumne River P
6 Millerton 1947 520 San Joaquin River LP
7 Isabella 1953 570 Kern River I,P
8 Edison 1954 125 San Joaquin River P
9 ¯ Pine Flat 1954 1,000 Kings River LP

10 Eloyd 1956 268 Tuolurune River P
11 Beardsley 1957 98 Stanislaus River P
12 Wishon 1958 128 Kings River P
13 Courtright 1958 123 Kings River P
14 Mammoth Pool 1960 123 San Joaquin River P
15 Success 1961 85 Tale River LP
16 Kaweah 1962 150 Kaweah River LP
17 Comanche 1963 431 Mokelumne River I,P
18 New Hogan 1963 325 Calaveras River I,M,P
19 San Luis 1967 2,039 California Aqueduct/Delta-Mendota Canal I,M,P
20 McClure 1967 1,026 Merced River LP
21 New Don Pedro 1971 " 2,030 Tuohmme River LM,P
22 Eastman 1979 150 Chowchilla River I
23 Hensley 1979 90 Fresno River I
24 New Melones 1979 2,400 Stanislaus River I,P
25 New Spieer Meadow 1989 189 Stanislaus River P

Site No. Distribution system Year Capacity Length Major
(fig. 6) completed (ft3/s) (mi) use

A Central California Irrigation District Main Canal 1880 1,800 71 LM
B MereeA Irrigation District Maih Canal 1886 2,000 21 I
C Turlock Irrigation District Main Canal 1900 2,100 22 I
D Modesto Irrigation District Main Canal 1904 2,100 46 I,M
E South San Joaquin Irrigation District Main Canal 1913 950 32 I
F Mokelumne Aqueduct 1929 590 90 M
G Heteh Hetchy Aqueduct 1934 460 152 M
H Friant-Kem Canal 1944 4,000 152
I Delta-Mendota Canal 1951 4,600 116 I
J Madera Canal 1952 1,000 36 I
K OAkdale Lrrigation District Main Canal I1958 2525 36 I
L California Aqueduct 1968 13,100 444 I,M,P
M Cross Valley Canal / .. 1975 740 20 I

~North Main Canal.
2South Main Canal.

year constrained by a maximum allowable value (20and six critical (fig. 7). Thus, it was a .period of
percent) (California State Water Resources Controlextremes. The first six water years of the study period
Board, 1992). Water years 1950-1992 are classified’onwere balanced--two wet, one above normal, one dry,
the basis of this index as wet, above normal, b,elowand two critical. The drought of 1976-1977 was
normal, dry, or critical ~(.fi~.’~_~)~ followed by a 9-year period dominated by wet water

During the:study perig.d, 1972-1990, there wereyears, including the extremely wet water year of 1983.
seven wet water years, three above normal, three dry,Overall, this 9-year period included five wet, two

Water Quality Assessment and Analysis of Data, San doaquin-Tulare Basins, California, 1972-1990
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1950 1960 1970 1980 lgg0 Classification
Water year

Figure 7,-Water year hydrologic 61assifications for ~he San Joaquin Basin, California, 1950-1992.

above normal, and two dry water years. Following thatmanaged by state and federal agencies and privately
9-year wet period were six consecutive critical waterowned duck clubs.
years. Most of the valley floor is agricultural land.

Orchards and vineyards are primarily along the east

Population and Land Use side of the valley. Wetland areas are in the northern part
of the valley, and the rangeland areas are in the

Īn 1990, the population of the study unit wassouthern part. Cropland and pasture are distributed
¯ 2,719,958, with about 46 percent in the four largestthroughout the valley, especially along the west side.

cities: Fresno (453,388), Bakersfield (302,605), Five counties in the San Joaquin Valley are
Stockton (262,046), and Modesto (230,609) among the nation’s 10 highest producers of agricul-
(California Department of Finance, 1991). Most of thetural commodities, including Fresno (number 1), Kern
rest are in small farming communities in the San(number 2), and Kings (number 3). Crops accounted
Joaquin Valley. The Sierra Nevada and the Coast for 65 percent of the agricultural production in 1987;
Ranges are sparsely populated, livestock and livestock products accounted for the rest.

Based on mid-t970s data, the Geographic Fruits and nuts accounted for 51 percent of the crop

Information Relrieval and Analysis System (GIRAS)value, cotton for 20 percent, and vegetables for 10
land-use designations for the study unit includedpercent (San Joaquin Valley Drainage Program, 1990).
39 percent forest land, 32 percent cropland and pasture
(including orchards and vineyards), 23 percent range-Water Use
land, 3 percent barren land, 2 percent urban area, and
less than 1 percent wetland (U.S. Geological Survey, The overall consumptive use of water in the
1986). Most of the rangeland is in the Coast Ranges, atstudy unit was about 12.1 million acre-ft in 1990 (W.E.
the valley margin, or in the Tehachapi Mountains (fig.Templin, U.S. Geological Survey, written commun.,
1). Little, if any, surface water runoff reaches the valley1992).~ About 58 percent of this demand was met with
from these areas. The forest land is mostly in the Sierra!s.urface water and 42 percent with ground water.
Nevada although some is in the higher altitudes of theApproximately 38 percent of the surface water (22
Coast Ranges. Most forest land is publicly owned,percent of total consumptive use) was imported from
primarily as national forests or national parks, the Sacramento-San Joaquin Delta through the SWP

The remnant wetlands in the study unit are less(California Aqueduct) and the CVP (Delta-Mendota
than 15 percent of the wetland acreage before settle-Canal). (Bureau of Reclamation, 1990; California
ment ofthe San JoaquinValley in the 19th century (San.Department of Water Resources, 1991). Of the total
Joaquin Valley Drainage Program, 1990). The largestconsumptive water use in the study unit in 1990, 94.9
remaining wetland area.in the study unit is the ,percent was for irrigation. Combined with the
Grasslands (fig. 1). Wetland areas include public lauds,consumptive use of 1.5 percent for livestock,

DescripUon of the Study Unit - 11
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agriculture accounted for 96.4 percent of the total use. Excluding hydropower facilities and fish
Domestic use (for example, drinking water) accountedhatcheries, there are 32 point source discharge sites in
for only 1.1 percent of the consumptive use in the studythe study unit (fig. 9) with mean discharge rates greater
unit, and virtually all this was from ground water (W.E.than 0.5 ft3/s. Of these 32 discharge sites, 18 are
Templin, U.S. Geological Survey, written commun,wastewater treatment plants, 7 are food-processing
1992). The other 2.5 percent included industrial andfacilities, 3 are manufacturing facilities, 3 are oil- and
miscellaneous agriculture, gas-production facilities, and 1 is a sand and gravel

Total water use in the study unit during 1990,mining facility (fig. 9A). The amounts of discharge
including nonconsumptive uses of water, was aboutfrom each location are shown in figure 9B. Only five of
32.5 million acre-ft (W.E. Templin, U.S. Geologicalthese discharge sites average more than 10 ft3/s:
Survey, written commun., 1992). Hydropower, the Discharge Discharge,
only instream water use studied under the USGS water- site in fl3/s
use program, accounted for about three-quarters of theModesto Wastewater Treatment Plant39
total nonconsumptive water use in the study unit

Texaco Oil (near Bakersfield) 26
(Templin, 1990). Other significant in. stream uses, such

Visalia Wastewater Treatment Plant 19
as recreation, fish and wildlife habitat preservation,
aquaculture, or dilution for water quality improvement,Turlock Wastewater Treatment Plant14

have not been quantified. Most of the other noncon-Merced Wastewater Treatment Plant 11

sumptive use is irrigation, which includes deep perco- The largest cities in the study unit, Fresno and
lafion to usable ground water, return flows to surfaceBakersfield, discharge to oxidation ponds followed by
water, and operational spills to surface water. An application to adjacent land and do not have NPDES
operational spill is excess irrigation water supply that ispermits for discharging to surface water. The third
not applied to agricultural lands, but is instead returnedlargest city in the study unit, Stockton, discharges to the
to a surface water system. - San Joaquin River in the Sacramento-San Joaquin

The use of water along the lower, perennial SanDelta, outside 6f the study unit. The city of Modesto
Joaquin River upstream from Vemalis affects waterdischarges to the San Joaquin River only in winter, as
quality. During the irrigation season, diversions forthe wastewater is held in oxidation ponds and applied
irrigation often remove most of the fiver flow (Kratzerto land adjacent to the ponds during the rest of the year.
and Grober, 1991). Main irrigation-season diversionsThe Turlock and Merced treatment plants discharge to
from this reach of the fiver and east side tributaries arethe San Joaquin River through the Turlock Irrigation
shown in ~]~(James and others, 1989; Kratzer andDistrict drain lateral number 5 and Owens Creek,
others, 1987). Of the 86 diversions shown in figure 8,respectively. The Visalia and Texaco discharges are in
the two largest (West Stanislaus Irrigation District andthe Tulare Basin (Kaweah and Kern Rivers,
Patterson Water District) account for about 40 percentrespectively) and do not affect surface water in the San
of the total diversions in this area (Kratzer and others,Joaquin Basin.
1987).

Nonpoint Sources

ENVIRONMENTAL FRAMEWORK FOR Nonpoint source discharges are difficult to

WATER QUALITY ASSESSMENT identify and quantify because they do not have the
same regulatory requirements as point source

Point Sources ° .. discharges. Nevertheless, in this section we will
identify and, in some cases, quantify several types of

Discharges to surface water in the study unitnonpoint sources in the study unit, particularly in the
include point source discharges with National PollutantSan Joaquin Basin.
Discharge Elimination System (NPDES) permits and The nonpoint source information presented here
various nonpoint source discharges. The point sourfeincludes fertilizer application and manure production
discharges are easily identified and quantified throughin each county, distribution of dairies, acreage of
records maintained by California state regulatory subsurface agricultural drains (tile drains), and the
agencies ..... .. locations and volumes of agricultural discharges to the

12 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins,.Calif~rnla, 1972-1990
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~
37~ EXPLANATION
45 \ Mean i _niga~on ~n

d~em~n m~, in cub~ feet
per ~nd

1-5
5 - 25
Greater ~n ~
S~ un~ ~un~

M~e=o

37°
30’

District
Tudock Irrigation District lateral 5

15’ 0 5 MILES

U.S. Environmental Protection Agency. 1994

Rgure 8, Agricultural divemions from lower San doaquin

lower San ~oaquin River area (see. ~ 10 for area), shown in ~ .g~r. ~...1~, for 1965, 19"70, 1975, 1980, and
Estimated fertilizer application ~s based on total 1985 (Ale~a~d~r~nd Smith, 1990). Applications
fcrdli~.er sales in California, distributed to the countyincreased steadily f~om 1965 to 1980 and decreased in
level by fertilized acreage in each county (Alexander1985. This pattem reflects the overall acreage in
and Smith, 1990). The estimated nitrogen and production during this time within the study unit
phosphorus fertilizer applications_’,m each county are . (California Department of Water Resources, 1987b).

EnvlmnmentM Framework for Water Quality Assessment 13
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Discharge type

Wasteweter treatmen{

Memufez~’turin~ (food products)
Manufacturing (o1~er)

Oil and 9~s produc’don

Mining (scrod emd gr_~vel)

Study unit boundarv~-~-,)

"\

,.

~ ~ 18°

,_t___

? ,’, ,’ , , ,~ ~s %._

~N,,m ~, P~int ~um~ 6i~ha~ in San d~aquin-’rulam I~a~in~, Ca~m~a, ~tu~ un ~I 6i~haNe~c~m~unt ~

q’he intensive agriculture in the San Joaquin      1990). Fresno, Kern, Kings, and Talare Counties rank
Valley relies on relatively high applications of nitrogen1 through 4, respectively, in nitrogen applications in
and phosphorus fertilizers. The estimated amou9. Is of1985, and San Joaquin and Merced Counties rank 6 and
fertilizer application shown in figure 11 rank high13, respectively (see fig. 1 for county locations). Fresno
among counties in the natio.n (Alexander and Smith,and Kern Counties rank 1 and 2, respectively, in

14 Water Quality Assessment and Analysis of Date, San Joaquln-Tulare Basins, California, 1972-1990
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EXPLANATION
Ne~man_ ~ W~ldlife refuge or areaS/omj~ ¯ within the GrasslandsStevinson

Study unit boundary
Lower San Joaquin

Basin boundary
37~ ¯
15’ Gustine

Los Banos

37-                               ~rI

Dos Palos

0 5 10 MILES Drain
(~ ~ ’ Ib KILOMETERS

U+~S~ _~. protection Agency;

Figure 10, Low~ ~an .J~:~quinRNer and GrasN~mds ar~,
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CT~. ¯ ~ Wildlife Refuge or Area
O~sdml~ within the Grasslands

Basin boundary

37=                                                       ¯

o~ ~
~_ ° Dos Palos

0    ~;    10 KILOMETERS      ~" - ’’’’J                           -- Drain

...... " .".PRELIMINARY " F,g lo.,,,,-o7 ..
SUBJECT TO REVISION

D--039952
D-039952



I-;-I 1965
~223 1970

80,000 ~ 1975
E~ 1980
~ 1985

60,000

4o,ooo

20,000

San Joaquin          Memed            Fresno             Kings
Stanislaus           Madera            Tulare              Kern

1.___v6,000 ~O

Phosphorus
1965
1970 .
1975

12,000
1980

1985
10,000

8,000¯

6,000

4,000

2,000

0 San Joaquin          Memed            Fresno             Kings
Stanislaus           Madera           Tulare             Kern

,,~/~(.~’~;#4t" County in the San Joaquin-Tulare Basins
Figure 11. Estimated=applications of nitrogen and phosphorus
1965-1985.

estimates of fertilizer application, these county manurecounties had 217,000, 118,000, and t15,000 milk
production quantities rank only 45, 47, 49, and 52,cows, respectively (U.S. Department of Agriculture
respectively, in the nation, and California Department of Food and Agriculture,

Information on the areal distribution of dairies in1991). Waste-discharge regulations for dairies
the study unit was provided by the California Regiona~generally permit discharges to surface water only
Water Quality Control Board (~WQCB). The during large storms. However, several unauthorized
heaviest concentrations of dairies: are in Tulare, discharges are known to occur in the study unit, and the
Stanislaus, and Merced Counties. In 1991, these t~eeCRWQCB has identified several suspect waterways

Environmental Framework for Water Quality Assessment 17
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14,000 ~’~ 1965
IN~ 1970
~ 1975
E~ 1980

>" ~ 1985
~_ 10,000

._~ 8,000

o 6,000

0

a. 4,000

2,000

0 San Joaquin           Merced            Fresno              Kings
Stanislaus , .Madera Tulare Kern:.-

County in the San Joaquin-Tulare Basins
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¯
SUBJECT¯TO REVISION only, 3 are subsurface agricultural drainage only, and

60 14 are a combination of the above. Mean irrigation
season discharge is greater than 25 ft3/s in five dis-

55 charges: Salt Slough, Mud Slough, Orestimba Creek,
Hospital!Ingram Creeks, and Spanish Grant Drain.50
Except for Orestimba Creek, which is entirely surface

45 drainage, these discharges are a combination of surface
and subsurface agricultural drainage. During summer

40 low-flow periods, these agricultural discharges account

~. for most of the streamflow in the San Joaquin River.

~ Water Quality Problems Identified by the~ 30.= State of California
~ 25

_~ A vSater quality assessment of California water
O

~ 20 bodies was developed to report the condition of the
.state’s water and to satisfy EPA reporting require-

15 ments (California State Water Resources Control
Board, 1990). In this assessment, the state classifies the

10 water quality of the water bodies, or stretches of water
bodies, as either good, intermediate, impaired, or

5 unknown. The good designation means that the water
body supports and enhances designated beneficial uses.

01950 1960 1970 191t0 1990 An intermediate designation means that the water body
generally supports beneficial uses with an occasional

Year                     degradation of water quality. Water bodies were

Figure 12. Total acres with subsurface agricultural drains in
qualitatively designated as impaired if they were not

the Grasslands area, San Joaquin Valley, California, reasonably expected to attain or maintain applicable
1950--1991. water quality standards for beneficial uses based on the

(James and others, 1989; California State Water following criteria: (1) designated uses are not

Resources Control Board, 1990, 1991). Because thesesupported, (2) water quality impairment is moderate to

discharges are unauthorized, their magnitude is severe, (3) designated use is compromised or limited,

unknown. (4) aquatic community is known to contain toxic sub-
stances in concentrations hazardous to human health,

The Grasslands area of the San J0aquin Basin(5) aquatic community is not fully supported or is
drains to the San Joaquin River through Salt and Mudseverely stressed, (6) fish kills are frequent or toxicity
Sloughs (fig. 10). Subsurface agricultural drains weretests show repeated acute or chronic toxicity, or (7) a
installed in the Grasslands area between 1950 and 1991numerical measurement exceeds a specified criterion ’
(fig~_._l:2)" to relieve areas with shallow, saline wateror objective (California State Water Resources Control
tables and to allow for continued agricultural Board, 1990). The unknown designation is given to
productivity. The subsurface drainwater contains highwater bodies with inadequate data.
levels of nitrates from either fertilizer applications o~ in Water quality was designated as intermediate irl
soil derived from the Coast Ranges. In 1991, the total927 miles (mi) of 20 streams and 56,143 acres of 19
acreage drained by these-subsurface drains was aboutlakes in the study unit. The state also designated 362 mi
58,500 acres (fig. 12). of 13 streams in the study unit as impaired water bodies

Most agricultural discharges to the lower, peren-(fig. 14) (California State Water Resources Control
nial San Joaquin River and the lower reaches of theBoard, 1990). Parts of several water bodies in the study
major east side tributaries are shown in figure 13 unit are impaired. These include the Kings, San
(Kratzer and others, 1987; James and others, 1989). OfJoaquin, Merced, Tuolumne, Stanislaus, and
the 104 discharges’shown; 87 are tailwater (surfaceMokelumne Rivers, Salt and Mud Sloughs, Orestimba
return flows) and operationiii ~pills of surface waterCreek, and 8,224 acres of the Grasslands (fig. 14).

18 Water Quality Assessment and Analysis of Data, San Joaquln-Tulare Basins, California, 1972-1990
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Turlock Irdgation Dis~’ict later’a] 5

15’
0        5         MILES

Flgure 13, Agricultural discharges to lower San Joaquin River system, California.

Environmental Se~ng$ tkree major physiographic provinces: Coast Ranges,
~San Joaquin ~alley, and Sierra Nevada. The valley area

To descrFoe water quality in terms of land .is analyzed in greatest,detail in this report because most
effects, the study unit was divided into relatively’ of the population and ’agriculture, and therefore, water
homogeneous subunits on the basis of hydrology,’ use and activities affecting water quality, are located
physiography, and geomorphology (.fi~ 15). The two there. Most studies will be done in the valley of the San
generally distinct surface water ba~ins--4he San loaquin Basin, specifically in the perennial reach of the
Joaquin Basin And the Tulare Basin---are divided into.San J0aquin River because (1) the perennial San

Envlronmenttl Framework for Water OtmlitF Atae~ment lg
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Sacramento-
San Joaquin

EXPLANATION 36° ~
~ San Joaquin Valley "~

~ Wildlife refuges or area
wilhin lhe Grasslands e J~

stuW

IV~.p Site name Miles ’impaired’ \ ,,"~
~1

Kings River (lower) 30
San Carlos River 1

~ Panoche Creek 1
San Joaquin River (lower) = 100

5 Grasslands marshes 8,224 acres ~ ""-~ ,’* 0 40 MILES
6 Salt Slough 15
7 Mud Slou~h 14 0 10 KILOMETERS
8 Merced R~ver (lower) 60 119°

9 Orestimba Creek 3
/0 Turlock Irrigation District 5

lateral 5
11 Tuolumne River (lower) 50
12 Stanislaus River (lower) 48
/3 Lone Tree Creek 15
/4 Mokelumne River (lower) 20

Figure 14. Impaired water bod~ in S~n Joaquin-Tu~are Basins, C~ifomi~, study unit.
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I W~,.qide ]l [ East Side ~l I West Side [~ .,

Figure{B) t.~ationsl 5. En~mnrnentale! env~mnrnentalSettingSsetting~.in San doaquin-Tulare Basin-% Cal~Iornia, stu6y un~). Environmental setting~,~"

Joaquin River is the only surface water outlet for thesoils derived from them results in runoff and snowmelt
basin, (2) the water quality of the San Joaquin Riverwith low concentrations of dissolved solids. In
influences water quality in the Sacramento-San contrast, the Coast Ranges are composed primarily of
Joaquin Delta, and (3) the Tulare Basin normally doesrocks and sediments of marine origin. The rocks and
not have a surface water outlet, soils derived from them contain high concentrations of

The San Joaquin Valley can be divided into thetrace elements, various nitrogen-containing
areas west and east of the valley trough, or depositionalcompounds, and soluble salts including calcium,

axis. The west and east sides can be further subdividedsodium, and magnesium sulfates.
into alluvial-fan and basin deposit areas. Although the
depositional axis of the valley has shifted during

LOWER SAN JOAQUIN RIVER BASIN,geologic time, the east side alluvial fans are dominated
by sediments derived from the Sierra Nevada, and the1951-1990
west side alluvial fans are dominated by sediments The lower San Joaquin River Basin is deft_ned
derived from the coast Ranges. The sediments in thehere as the drainage basin of the perennial reach of the
basin deposits are a mixture from both Siena NevadaSan Joaquin River from Bear Creek to Vernalis (figs. 1
and Coast Ranges sources, reworked and deposited in/ bud 10). Most discussion of water quality in this report,
stream channels or shallow lakes and as overbankincluding nitrate trends for 1951-1990, will focus on
deposits in flood basins. The west side of the Tularethis drainage ~ea of 6,948 mi2. This section provides
Bas’m valley is not subdivided because of the lack ofsome background On the lower San Joaquin River and
any significant surface water flows. .changes that have occurred in the San Joaquin Basin

The contrasting bedrock geology and chemicalbetween 1951 and 19.90, relative to factors that affect
composition of the derived soils of the east and westnutrient concentrations.
sides of the valley have significant effects on water           Prior ~o development of the Delta-Mendotaquality. Low solubility of the qu..a~Tz’ and feldspars that Canal in 1951, about 800,000 acres in the lower San

make up the bulk of the Sierra Nevffda and the graniticJoaquin Basin were irrigated with local surface and

Lower San Joa~uin River Basin, 1951-1990 21
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EXPLANATION

121° San Joaquin Basin
120° [:::::] Coast Ranges

L~ San Joaquin Valley
" ~" "~" \ ~/" ~ West side ~lluvia] fans

:~.~, ..... . . ,~,
~ West side basin deposits
~ East side alluvial fans

~
.. ~= East side basin deposits
...... I r-~ Sierra Nevada

: ’ Tulare Basin
r-3 Coast Ranges

San Joaquin Valley.
. i:~ii i ~ i ,i.i i:!:i . i- . ~ I-- r-3 West side alluvial fans

"; .... r +: : " ’’: :’:’ i ’ ..... " "; "~ and basin deposits

:~::!!::!.ii: : ; " =:::: ::!:::::":: !!:i::::’=’.: ’::!;:"~/)
I::::] East side alluvial fans

.... :~ . " ’ . .... : : :." . :. :: :::: :-~::....:’~. 119° ~ East side basin deposits
’ . ..:.;: : ::::.: :. : .:::: ::: ,~ E~ Sierra Nevada

:~;. ....... : :.:. ....... ¯ B _ __ Study unit boundary

.’. ..........

118°

36°--~

0 4O MILES

0 40 KILOMETERS

Figure 15, ConlJnued.

groined wa~ (table 2). Irrigated acreage increased toremm flow recovery systems, laser leveling, ~nd o~er

about 1-million acres by 1970 and has remained practices. Although no data are available back to 1951,
essentially at that level. Irrigation has become ~aorewe assume that increases in surface return flows due to
efficient since 1951 with in.creasing use of surfaceincreased irrigated acreage were offset by decreases in

22 Water Quality Assessment and Analysis of Data, San Joaqui~-Tulare Basins, California, 1972-1990
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Table 2. Factors affecting nutrient concentrations in the lower San Joaquin River Basin, California, 1950, 1970, and 1990

[-. approximatelyi acre-ft, acre-feet; ft3/s, cubic feet per second; tons/yr, tons per year]

Factor                     1950 1970 1990
Population -215,000 -350,000 623,000

Total reservoir storage~ 0.5 million aere-ft 2.0 million aere-ft 6.6 million aere-ft

Irrigated acreage2 800,000 acres 1,000,000 acres -1,000,000 acres

Sources of irrigation water San Joaquin, Merced, Tuolumne, San Joaquin, Mereed, Tuolumne, San Joaquin, Mereed, Tuolurane,
and Stanislaus Rivers; ground and Stanislaus Rivers; Delta- and Stanislaus Rivers; Delta-
water Mendota Cknal; ground water Mendota Canal; ground water

Ferdliz~ applicationa

Nitrogen 8,500 tons/yr 33,900 tons/yr 50,900 tons/yr
Phosphorus 1,900 tons/yr 5,200 tons/yr 7,300 tons/yr

Manure productiona

Nitrogen 39,9013 tons/yr 47,300 tons/yr 65,600 tons/yr
Phosphorus 10,200 tons/yr 12,700 tons/yr 16,900 tons/yr

Wastewater treatment plant --16 fta/s -43 ft3/s -58 ft3/s

Subsurface agricttlmral none -47 ft3/s -66 ft3/s
drainage5,7

~From California Department of Water Resources 1984, 198To, 1994a; California State Water Resources Control Board, 1987.
~-From California Department of Water Resources 1960, 1983, 1994a; Wall and others, 1981.
3From Alexander and Smith, 1990, and U.S. Environmental Protection Agency, 1990.
4From U.S. Department of Agricttlmre mad California Department of Food and Agriculture, 1991.
5Expressed as average discharge rates for the entire year. These rates vary considerably throughout the year.
6From information in National Pollutant Discharge Elimination System fi.les, cities of Modesto, Turlock, Merced, and Atwater.
7Assuming a drainage factor of 0.7 acre-feet per acre (Kratzer and others, 1987) for thearea of tile drains shown in figure 12, (Harley

Davis, California Regional Water Quality Control Board, Central Valley Region, written eommun., 1992) and other reaches of the San
Joaquin River (Kratzer and others, 1987).

surface remm flows due to increased irrigation plants to the lower San Ioaquin River more than tripled.
efficiency and that surface return flows did not increase from 1950 to 1990 (table 2). Although irrigated acreage
between 1951 and 1990. increased 25 percent from 1950 to 1990, fertilizer

In 1950, no subsurface agricultural drainage was application increased by about 500 percent for nitrogen :
being discharged to the lower San Ioaquin River. By and 285 percent for phosphorus. During the same
1990, the potential su_bsurface drainage reaching the period, the mount of nitrogen in manure increased by
fiver was about 66 fta/s (table 2)i Until 19.85, much of 64 percent and the amount of phosphorus in manure
this potential discharge to the fiver was used to flood increased by 66 percent (table 2).
waterfowl areas in the Grasslands (fig. 10) before being/,"    The relative nutrient concentrations of the
released to the fiver, and some nutrients were taken up sources identified in table 2 are important for ident-
by aquatic plants in the waterfowl areas. Since 1985, ifying the causes of concentration trends, the relation of
virtually all of the subsurface drainage water has been concentrations to streamflow, and the possible sources
discharged directly to the fiver due to concerns over the of unaccounted-for loads. Approximate concentrations
accumulation of trace elements (especially selenium) of nitrate, ammonia, orthop~osphate, and total
in the waterfowl areas, phosphorus are given m~l~le,3 for dan-y runoff,

On the basis of information in NPDES files, th~wastewater treatment plant effluent, tailwater runoff
amount of wastewater dischargeO..f,r.om treatment, from fertilized fields, and subsurface agricultural

Lower San Joaquin River Basin, 1951-1990 2"3

D--039960
D-039960



Table 3. Approximate nutrient concentrations from major sources ~~S~~~asin, California, during the
late 198~

~u~ent ~lligrams per ni~ogen or phosphors; no da~]co~c~n~a~ons in liter

$our~a Nltrata Ammonia O~hophoaphata Total phosphorus

D~ runoffI 0.2 2d7~ ~ 90~

W~wa~r ~ea~ent plmt effluent~ 3~ 15~ 2~

T~water (s~ace remm flow)~ 6~ 0.1 0.2 0.4

Subs~a~ a~c~ &Nnag@                    25~             0.2               0.05              0.1
~Ave~ge vNues from unpublished data for dai~ pond water in the cen~N vNley of C~fo~a (H~ley Davis, C~ifomia ReNon~ Water
~ Con~ol Bo~d-Cen~N V~ey Region, walden co~un., 1995).

~Now-weight~ avenges of medim concentra~ons from ci~ of T~lock (Cen~N V~ey RegionN Water QuNity Con~ol Bo~d,
~pub~shM Na~onN Po~utmt Disch~ge Eli~nation System files, 1991) for a~oNa (c~end~ y~ 1991) md ci~ of Modesto
unpub~sh~ moNtoHng data (Jo~ Amsmm, Modesto ~b~c Works Depmment, wH~en commun., 1994) for N1 nu~ents (water ye~s
1987 md 1989),

3B~ on m~m of montNy average data for Orestimba Cr~k during 1992 md 1993 i~gafion seasons (tNlwater with some opera~on~-
sp~ w~r) ~.S. GeoloNc~ Su~ey unpublished dam, 1992 md 1993).

~B~ on C~fo~a Depmment of Water Resources (1975).

dr~age ~ ~e lower Sm Joaquin ~ver Bas~. D~SOUN~NS O~ DATA
~off md w~tewater ~eatment plmt effluent have
high concentrations of phosphorus md ~onia ~omNlat]on o~ Data
relative to ~water md subsurface dr~age. Nitrate
concen~ations ~e Nghest ~ subsurface dr~age. Water quNity ~ta for surface water ~ the study

~e nu~ent concentrations shown ~ ruble 3 for’unit for 1972-1990 were compiled from ~e NafionN

w~water ~eatment plmt eNuent ~ the lower SmWater Nfo~afion System ~S) of the USGS

Jo~u~ ~ver B~in represent concen~ations ~e STOrage md ~THevN (STO~ datable of ~e

me~ ~ ~e late 1980s. S~ce that time, ~e ci~ ofEPA. AddifionN data were entered ~to ~e STO~T

M~esto wastewater ~eatment plmt improved datable stored on ~IS at the USGS, Sacr~ento

ae~on ~ the~ oxidati6n ponds md expmded ~e~o~ce. So,cos of additionN data ~clude DWR dam

lind app~cation ~ea. ~ese ch~ges resulted ~ ~e(1988-1990) ~at had not been entered ~to STO~T
md suspended sed~ent data co~ected by~prov~ conversion of ~onia to hi,ate md a

r~uc~on N phosphorus levels. Medim ~onia CRWQCB, U.S. So~ Consolation So,ice, md

concen~tions ~ ~e Modesto disch~ge p~or to 1990Mer~d, Modesto, md Turlock ~gation DisMcts

we~ 10 to 20 m~ ~ N; ~ 1994 ~e medim w~ less    ~estcot md Belden, 1989; U.S. Soil Conse~ati~.
~m 1 m~ ~ N (John ~smtz, ci~ of Modesto,
C~o~ w~en co~un., 1994). Medim ~onia N addition to nuMents md suspended
concen~tions ~ ~e city of Turlock disch~ge weresediments, re~ev~ p~eters included
8.2 m~ ~ N ~ 1991. Medim nitrate concentrationspH, specific conductmce, dissolved oxygen, to~z~

~ ~e M~esto disch~ge incre~ed from 1 to 4 m~h~dness, to~ orgmic c~bon, md chlorophy~ a.
as N p~or to 1990 to about 11 mg~ as N ~ 1994. ~orNuMent p~eter codes chmged dung ~e study
to 1989, medim to~ phosphorus concen~ations ~.~h~period due to ch~ges ~ laborato~ me~o~ or
MMesto disch~ge were 6 to 12 m~ as P; ~er 1989repon~g me~ods (for ex~ple, nitrate as N versus
¯ ey we~ 1 to 2 m~ as R ~us, ~e recent ni~ate as NO~), ~d some p~eter codes were
improvements in w~tewater ~eatment ~ the ~owercomb~ed for the long-te~ mNysis of nutrient
Sm Joaqu~ River Bas~ have r~sulted ~ the concen~ations. Suspended sediment codes Nso were
conversion of ~onia to ni~ate ~d the reduction ofcomb~ed to merge the STO~T suspended solids data
phosphorus ~ wastewater ~eatment plmt effluent,wi~ ~e ~IS suspended sed~ent data. ~e effect of
However, these improvements occu~ed ~ound ~990~is combination is discussed ~ ~e sec~on "Quality
~d do not affect the nutdent contdbuti0ns from Assur~ce ~d QuNity Control." For nutrients, the only
w~tewater treatment pl~ts .dgdng 1951-1990. comb~ations of signific~ce were nitrate ~d total

24 Water Quality Assessment and Analysis of Data, San Joaquln-Tulare Basins, California, 1972-1990
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PRELI[/II JARY
nitrogen. Foz orthophosphate, ammonia, total Screening of Data SUBJECT TO REVISION
phosphorus, and total kjeldahl nitrogen, codes with
different reporting methods were merged. The initial database contained 120 NWIS sites

For nitrate and total nitrogen, the combinationsand 807 STORET sites with nutrient and(or) suspended
sediment data. Most of the STORET sites were

involved substituting different parameters. If dissolvedsampled by DWR, BOR, USGS, or the CRWQCB
nitrate values were not available, values for dissolved(tablff4)~ Of the 927 sites, 859 reported nutrient
nilzate plus nila-ite, total nitrate, or total nitrate plussamples and 413 reported suspended sediment
nitrite were substituted, in that order. Likewise, for thesamples. This initial database included 13,753 nutrient
total nitrate plus nitrite component of total nitrogen,samples and 9,113 suspended sediment samples.
values for dissolved nitrate plus nitrite, total nitrate, or Several categories of sites were removed from
dissolved nitrate were substituted, in that order. In mostthe initial database to create a final, screened NAWQA
cases, these substitutions had no significant effect ondatabase (tables 4 and ~ that would represent the
results, ambient surface water conditions in the study unit (in

Table 4. Number of sites and samples for nutrients and suspended, sediments in initial and final databases, 1972-1990, by
agency, San Joaquin-Tulare Basins, California, study unit

Number of sites              Number of samples
Agency Database

Nutrients Suspended Total1 Nutrlenta Suspended
sediment sediment

Bureau of Reclamation Initial 147 10 148 1,444 11
Final 27. 3 28 366 4

California Department of Health Services Initial 49 0 49 161 0
Final 5 0 . 5 3~ 0

California Deparmaent of Water Resources Initial 362 184 364 8,045 2,300
Final 227 109 227 2,873 995

California Regional Water Quality Control Initial 63 95 112 728 939
Board Final 0 45 45 -. 0 587

Mereed Irrigation District Initial 0 5 5 0 24
Final 0 5 .5 0 24

Modesto Irrigation District Initial 0 3 3 0 3
- Final 0 3 3 0 3

Turloek Irrigation District Initial 0 6 6 0 18
Final 0 6 6 0 18

U.S. Army Corps of Engineers Initial 30 30 30 626 440
Final 8 8 8 345 270

U.S. Environmental Protection Agency Initial 86 1 87 282 6
Final ’/. 17 0 17 170 0

U.S. Forest Service Initial 3 0 3 18 0
Final 3 0 3 ¯ 18 0

¯U.S. Geological Survey Initial 119 79 120 2,449 5,372
Final "82 56 85 1,649 4,316

Total Initial ¯ 859 413 927 13,753¯ 9,113
Final 369 235 432 5,457 6,217

ISites with nutrient and/or suspended-g~liment data.

Sources of Data 25
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SiIBJ  I samples removed ,rom initia, database, San Joaquin-Tu,are Basins, Oa, i,om,a, study unit
[S~, STO~e ~d ~dev~ ~amb~e of ~e U.S. ~nv~onment~ Pro~ction A~ency; N~S, Nation~ Wamr ~fo~mion System
¯ e U.S. Geolo~ic~ S~ey

Removal ~tego~

Un~o~           D~te
Agency           Water    Agri- Wa~ ~kes          (sRes w~ Duplicate~ sRes

supply cultural ~ter and U~an
inad~uate sRes~ ~een To~ls

canals drains ~ea~ent ~seP ~noff I~tion ST~ N~S andplan~ voi~
de~dptions) ~ STOR~

~umber o~ sites ~tb eut~e~t ~d(or) suspended select
~ of R~l~o.             13       73      0       0        0     ,~    6         1       120

H~ Se~i~s ~

~o~ Dep~ent of W~r 14 42 5 52 ~ ./0 5 8 11 137

~o~a ReNon~ Water 0 0 0 " ~ - 0 2 ~ 0 67
Q~i~ Con~l Bo~d

U.S. ~y Co~s of En~ee~ 0 0 ~~14       0 0 8 0 22
/U.S. ~v~en~ ~tecfion 0 0 / 0 ~ 41 0 28 1 0 70

Agency

U.S. ~lo~c~ S~ey 2 / 6 1 3 4 0 0 19 35
/To~s

~
121 17 123 4 83 87 31 495

/
/ N~ber ofnu~ent staples

B~ of R~l~don
/ 47 791 0 0 0 211 29 0 1,078
/

~o~ Dep~¢nt of/ 0 0 29 ~ 0 36 " 0 0 125
~ H~ Sewices /

/
~o~ De~t of ~~~ 2,529 22 159 O 5 25 326 5,172

Re~~ _ .....
~ ReN~ Water " "0 0 0 0 0 0 728 0 728
~ Con~l Bo~

~h subbed) ~d at e~h s~pled sit~. ~� remowd M~y water supply c~s were removed
sims ~clude (1) major water supply c~s, (2) sm~,~e ~ti~ datable b~ause ~e wa~r ~ ~ese c~s
~viduM a~cul~M ~s md evaporation ponds gene~y does not represent s~ace ~off ~om
0~er ~age systems were kept~ ~e ~mb~e), study u~t, but is water that h~ b~n ~fici~y
(3) w~tewamr ~a~ent pl=t effiuen~ ~d sites ~ust~=spoKed seve~ ~les from its so~ce. Mostly D~
do~s~e~ of e~uent disch~ges, (4) l~es ~d ~m were removed, ~clud~g dam on severM sites
~wo~, (5) ~b= runoff sites, (6) sites ~at have Mong the C~fo~a Aqueduct md ~e Delm-Mendom
~ad~uate l~afion description, (7) duplicate sites C=M (fig. 14), ~ we~ ~ seve~ sma~er ~gafion~
~b=e, =d (8) duplicate sites Mtw~n ~e ~S =d supply c=Ms. ~ CM~omia Aqu~uci =d Delm-
STO~T ~mb~es. In to~, 495 sites con~ng Mendom C=M ofig~at¢ ~ the Sacr~ent~Sm
8,296 nu~ent s~ples, =d 2,896 suspended sed~ent3oaquin Del~ downs~e~ of ~e study u~t.
~ples were ~moved from ~e ~tiM database ~ BOR ~d D~ have monitored m~y
(~le 5). ~ ......-... subsurface a#cultu~ ~Mns md evaporation ponds in

2S Water Qual~ Assessment and Analysis of Dam, San Joaquin-Tulare Basins, California, 1972-1990
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Table 5. Number of sites and samples removed from initial database, San Joaquin-Tulare Basins, Califomia, study unit

[STORET, STOrage and RETrieval database of the U.S. Environmental Protection Agency; NWIS, National Water Information System of
the U.S. Geological Survey]

Removal category
Waste- Unknown Duplicate

Water Agri- water Lakes and Urban (altaswith Duplicata aites
supply cultural treat- reset- runoff

Inadequate sites In between Totals
~i canals dralna ment voira location STORET NWiSand
~w t. ~ j~J~. planta descriptions) STORET

~ r’,~t~ ~.~-L-~;;~ Number of sites with nutrient and(or) suspended-sediment samples
California Departrdent of Health 0 0 11 12 0 21 0 0 44

Services

California Department of Water 14 42 5 52 0 5 8 11 137
Resources

California Regional Water Quality 0 0 0 1 0 2 64 0 67
Control Board

U.S. Army Corps of Engineers 0 0 0 14 0 0 8 0 22

U.$. Bureau of Reclamation 13 73 0 0 0 27 6 1 120

U.S. Environmental Protection Agency 0 0 0 41 0 28 1 0 70

l -- ~ ~--~f Number ofnutriel
California Department of Health 0 0 29 ( (~(~ ~, 25

Services

California Department of Water 2,106 2,529 22 1. 72

Califor~a Regional Water Quality 0 0 0 : \I#~ 28

U.$. Army Corps of Enginel~rs 0 0 0 . 81

U.S.Burcau of Reclamation 47 791 0 I 78

U.S. Environmental Protection Agenc~ 0 0 0 , 12

U.S. Geological Survey 66 1_~_713

California Depmment of Health~0 0 0 0 0 0 0 0. 0
Services

California Depar~nent of Water 3~3, 473 ll/ . 40 0 0 14 384 1,305
Resources " ’

California Regional Water Quality 0 0 0 1 0 19 332 0 352
Control Board

U.S. Army Corps of Engineers 0 0 0 l?0 0 0 0 0 170

U.S. Bureau of Reclamation 0 5 0 0 0 2 0 0 7

U.S. Environmental Protection Agency 0 0 0 0 0 6 0 0 6

U.S. Geological Survey �-~/~’~ 60 0 0 0 349 0 0 647 1,056~ I~ ~ 478 11 211 349 27 346 1,031 2,896

CA-0036 (485~07; 6440-12) PRELIMINARY~DO NOT RELEASE Draft: August 5, 1997 1
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¯PRELI  i!NARY
Table S. Number of sites and samples removed from initial database, San Joaquin~!~gr.~]~n~0~a~t~ ~ unit--
Continued                                                                  :      ’ .///~’

Removal ~ego~

UnSown ~ Dupli~te
Agency            Water    Agrl-    Wa~ ~           (sR~ w~ Dupl~te sRes

supply cultural wmr and U~n inad~te sRes in ~n To~ls
canals drains ~a~ent m~r- runoff

~on STOR~ NWlS andplan~ volta
" d~d~ons) STOR~

U.S. ~y Co~s o~ 0 0 0 281 0 ~      0 0 0 281

U.S. ~v~en~ ~o~don 0 0 0 41 ~ 0 70 1 0 112
Agency

~                                                                              .
U.S. ~lo~c~ S~ey 65 17 13 ~15      396         0 0 293

To~s                 2,219 3,337 ~ 55~    396      322    783     619    8,296

Numbe~f ~pead~ s~ent s~ples
B~au of R~l~on 0

~
0 0 0 2 0 0

C~o~a Dep~ent of 0 ~ 0 0 0 0 0 0 0 0
H~ Sewi~s

~
.

CN~o~a Dep~ent of Water ~ 473 11 ~ 0 0 14 384 1,305
Resoles ’

C~o~a R~gion~ Wa~r ~ 0 0 0 1 0 19 332 0 352
~i~ Con~l Bo~d /

/
U.S. ~y Co~s of / 0 0 0 170 0 0 0 0 170
En~ /

/ _ ’
U.S. ~v~@n~ ~t~fion 0 0 0 0 0 6 0 0 6

~.S. I~N~ S~ey 60 0 0 0 349 0 0 ~7 1,056

To~ ~3 47~ 11 211 349 2~ 346 1,031

the study unit. These sites represent the quality ofthe initial database were sample, d frequently for
shallow ground water in relatively small areas; nutrients and suspended sediment. However, these
therefore, they were deleted from the initial database,urban-runoff sites were removed from the initial
However,. several larger drainage systems collect bothdatabase because their small flows discharge to the
surface and subsurface agricultural drainage. This./,upper San Joaquin River, which generally does not
drainage flows to the San Joaquin River as surfaceflow into the lower, perennial San Joaquin River.
water and has a major effect on the water quality of the_ Water quality in lakes and reservoirs is difficult
San Joaquin River; therefore., these systems wereto compare with water quality in streams because of the
included in the final database. These include the Saneffects of water residence time; therefore, lake and
Luis Drain, Panoche Drain, Camp 13 Slough, S~t~-eservoir sites were removed from the database. This
Slough, and Mud Slough (fig. 10). removal greatly redu(ed the number of DWR, EPA,

Sites dominated by wastewater treatment plant"and U.S. Army Corps of Engineers (COE) sites and the
effluent and by urban runoff were_ not common in thenumber of COE samples in the final database. The
initial database. The four USGS urban-runoffsites.iiaremoval of unidentified sites--mostly BOR, EPA,

Sources of Data 27
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sites--reduced the number of nutrient samples, present scatterplots and plots of flow versus
Some entries in the STORET database wereconcentration. Two statistical programs--SAS and

duplicates, or almost duplicates. If identical sites withSTATITmwere used to test whether concentrations at
identical data were reported by different agencies, thedifferent sites were significantly different.
original data and collecting agency were kept in theESTIMATOR was used for load calculations.
database and the duplicate data were deleted. This was The trend-analysis program in PT2 performs a
common for CRWQCB and DWR data, when identicalseasonal Kendall test using an alpha level of 5 percent.
sites or almost identical sites with different data wereTo use PT2 for trend analysis at a site, (1) the data must
repozle.d by different agencies. These sites were have spanned most of the period of analysis, and (2) for
combined and assigned to the agency with the mosta given seasonal frequency, the beginning and ending
data (tables 4 and 5); the samples were apportionedportions of the record must have sufficient data so that
among the agencies on the basis of the number ofmost of the possible number of pairwise comparisons
samples. All nutrient data reported by the CRWQCBmade in the seasonal Kendall test were present for .most
also were entered into STORET by DWR, and theseof the seasons (l.,anfear and Alexander, 1990). The PT2
duplicates were deleted, program initially tries to mn a monthly seasonal

Duplicate sites and data also occur between theKendall test. If there are iaot enough data, it tries a
STORET and NWIS databases. During the 1970s, bimonthly test and finally a quarterly test.
DWR data often were entered into both the STORET Constituent concentrations commonly are
and NWIS databases by DWR and USGS, respec- related to streamflow, and trend tests generally are done
tively. These sites and samples were removed from the

to study changes in concentrations resulting fromUSGS list of sites and samples in the database. At sites
effects other than streamflow. Thus, PT2 uses flow

sampled by both DWR and USGS, but primarily byadjustment procedures to remove the effect of stream-
USGS, the DWR sites were deleted, and the DWR dataflow variations on concentration trends. PT2 adjusts for
were combined with the USGS data for the site. Theflow with a LOcally WEighted Scatterplot Smoothingbest example of this is the San Joaquin River near
Vemalis site, which has an abundance of USGS data.

(LOWESS) technique. LOWESS is a robust smoothing

Of the 542 DWR nutrient samples reported for this site,technique that describes the relationship between y and
x without assuming linearity or normality of the224 were duplicates and, therefore, were deleted,
residuals (Helsel and Hirsch, 1992). It describes theThe final, screened NAWQA database is

summarized in table 4. This database, discussed indata pattern whose form depends on the smoothing
coefficient. A smoothing coefficient of 0.5 was used for

detail in the section "Description of Available Data,"    all LOWESS applications in this study. PT2 requires at
contains nutrient and(or) suspended sediment data for
432 sites including 5,457 nutrient samples and 6,217least 25 samples with streamflow values to adjust for

suspended sediment samples. The DWR and USGSflow. If a trend test cannot be run with flow adjustment,

collected most of the data in the final database, then a concentration-only test is done.

although the CRWQCB contribution of suspended Version 92.11 of ESTIMATOR was used for this.
sediment data is significant, study; it uses standard output files of streamflow and¯ " constituent concentration from NWIS as input data

files. These data are used to develop a relation between

ANALYSIS TECHNIQUES .~" streamflow and concentration for calculating loads.¯
The ESTIMATOR program first runs a calibration

Statistical software programs used to analyze theperiod for flows and concentrations (Cohn and others,
¯ database for this report include PT2, ESTIMATOR,1989). Only concentrations with associated stream-
Statistical Analysis System (SAS), and STATIT. Theflows (instantaneous or daily mean) are Used in the
PT2 and ESTIMATOR (Cohn and others, 1989) calibration process. For the load-estimation period,
programs were developed by the Systems Analysisthere must be a streamflow value for every day. The
Branch of the USGS. PT2 is linked with the ESTIMATOR program provides estimated daily,
ARC/INFO Geographic Information System software,monthly, or annual loads with standard errors and
and results from PT2 Can be p.resented graphically withstandard errors of prediction. Thus, confidence
a map of an area. The PT2 program was used to showintervals for the load estimates can be calculated.
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The sign test was used to determine if NWIS andBOR Sacramento laboratory (M.O. Fretwell, M.J.
STORET data pairs are significantly different. The signFishman, and R.T. Iwatsubo, U.S. Geological Survey,
test of the STATIT program determines ifx is generallywritten cornmun., 1984) found that organic nitrogen
larger (or smaller, or different) than y for data pairsand phosphorus were digested by nonstandard proce-
(xl, y-~ i=l ....n. It is a fully nonparametric test and maydures. As a result, the reported results for total nitro-
be used regardless of the distribution of the differencesgen and total phosphorus were likely to be biased low.
(Helsel and Hirsch, 1992). After 1984, the BOR Sacramento office

In these calculations, Tukey’s test was used tocollected primarily width- ~_cl_ depth-integrated .. b~,
determine if nutrient and suspended sediment samples for surface water ~3ureau of Reclamation,
coneentratiorts are significantly different at different1993). The improvements recommended by the USGS
sites. Tukey’s test of the SAS statistical program wasreview resultedin a QA/QC program that included
run on the ranks of the .concentration data. This better documentation of methods, better chain-of-
provides a nonparametric multiple comparison of thecustody records for samples, and 25 percent of the total
medians of the ranks (I-Ielsel and Hirsch, 1992). samples were collected for QC. The QC samples

included 10 percent duplicates, 10 percent spikes, and
5 percent blanks. Thus, BOR data since 1984 should be

QUALITY ASSURANCE AND directly comparable to USGS data. BOR data for the
QUALITY CONTROL entire study period were retrieved from STORET.

Details on the general QA/QC program of the
Quality assurance (QA) and quality control (QC)USGS are given by Fishman and Friedman (1989),

programs of the DWR, BOR, and USGS were Friedman and Fishman (1989), and Peart and Thomas
evaluated. Evaluations include methods of field (1983). Most USGS surface water samples are width
collection, laboratory analysis, and reporting of theand depth integrated. Most USGS data evaluated in this
data. Following the evaluations of QA/QC programs,study were analyzedat the National Water Quality
the potential biases introduced by different field andLaboratory (NWQL) in Denver and were entered into
laboratory methods are evaluated as they relate to theboth NW-IS and STORET. During the study period, the
results of data analyses presented in this report. QA/QC program of the NWQL included chain-of-

The DWR began a comprehensive QA/QC custody records for samples, documentation of
program in 1988 (California Department of Water methods, and at least 15. percent QC samples.
Resources, 1994b). This program had little impact on Despite the attention to QA/QC, there were
the DWR data collected and analyzed during the studyanalytical problems for USGS nutrient analyses during
period of this report (1972-1990). All surface waterthe study period. From 1973 until May 1990, the
samples collected by DWR during the study perioddigestion step of the phosphorus method at the NWQL
were grab samples. These samples were collected fromwas incomplete for samples with high concentrations
only one point in the stream,/cross-section, whereasof suspended sediment (D.A. Rickert, Office of Water
width- and depth-integrated samples were collectedQuality, U.S. Geological Survey, written commun.,
from throughout the stream cross-section. Most DWR1992), and the reported values for orthophosphate and
samples were analyzed at the DWR Bryte laboratory,total phosphorus probably are biased low. A study of
although other contract labs were used on occasion.QA records for the NWQL for total and dissolved
Although the Bryte laboratory currently has a QA/QCphosphorus, ammonia, and~eldahl nitrogen indicated
program (California Department of Water Resources,.....an apparent positive bias (c’6"nsistently high readings
1994c), it is difficult to evaluate the QA/QC procedurescompared to standards)for water years 1980 and 1981
that existed for most of the study period. DWR data(Alexander and others, 1993). This positive bias affects
collected prior to 1988 were obtained through the reported values of 6rthophosphate, total phos-
STORET. DWR data collected after 1988 were not inphorus, ammonia, and total nitrogen. However, a com-
STORET but were obtained directly from DWR by.parison of methods u~ed by USGS for nutrient analyses
computer tape. during 1965-1982 showed no significant differences

Prior to 1984, the BOR Sacramento office did .among the methods (Friedman and Fishman, 1989).
not have a comprehensive QAJQC program. All Historical data from STORET could be biased
surface water samples collected b.y.]3OR were grabdue to the predominance of grab samples. For reason-
samples. USGS review of nutrient analyses by theably well-mixed streams, a grab sample usually is

Quality Assurance and Quality Control 29
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~T. Iwa~ubo, U.S. Geological S~ey, w~uen le~t one s~ple ~yzed for nu~ents ~tw~n 1972
co~un., 1984; M~ ~d others, 1992). However,~d 1990, ~d 235 had at le~t one s~ple ~yzed for
~b s~ples ~e usu~ly biased low for suspendedsus~nded sediment (fig. 17). Dam ~ysis ~ ~s
~ent ~d ~e p~iculate (suspended) fraction ofrepo~ is l~t~ to 49 long-te~ water qu~ity
nu~ent sp~ies. ~s bias would be exp~ted wi~ ~1mo~to~g sites (fig. 18~ble 6). ~ese sites ~e
non-USGS da~ except for BOR ~m collected ~errelatively c~nt (s~pled s~ce 1985), ~d eider
1984. have 30 or morn nu~ent or suspended sed~ent

To ev~uate the effects of different field ~d s~ples or have sp~i~ spati~ impo~ce. Sever~ of
¯ ese si~s ~ ~e lower S~ Joaqu~ ~ver B~in were~mto~ me~ods, ~S ~d STO~T dam were

~mp~d for ~ate, ~o~ to~ ~=ogen, p~y s~pled d~ng 1985-1988 ~ p~ of either a

o~ophospha~, to~ phosphorus, ~d suspended USGS study (nu~en~ ~d suspended sed~ent) or a

~ent at ~e S~ Joaqu~ ~ver ne~ Vem~is si~CRWQCB~.S. Soft Conse~ation Se~ice study

(fig~)~. ~ese comp~sons ~clude o~y data (suspen~d sediment).

coH~ wi~ one day of e~h other. ~s is~e o~y ~e fin~ NAWQA ~mbase includes 5,457

sire ~ ~e study ~ea wi~ ~e ovedapp~g ~S ~dnu~ent v~ues (70 percent ~om STO~ ~d 6,217

STO~ ~m needed for ~s comp~son. ~e ~Ssus~nded sediment v~ues (69 percent ~om ~S).
~e S~ Joaqu~ ~ver ne~ Vem~s (site no. 47, fig.~d S~T dam for ~e nu~ent sp~ies ~e not 18) is ~e outlet site for ~e S~Joaqu~ B~ ~d, ~ a

si~fic~fly d~erent (at ~e 95-percent confidenceUSGS Nafion~ S~e~ Qu~ty Accosting Network
level) on ~e b~is of ~e nonp~e~c si~ test. ~e~ASQ~ si~, h~ ~en sampled frequently. It is a
~S suspended sed~ent v~ues ~e si~fic~ycomb~ed ~S ~d STO~T site, but because of i~
~r ~0.~1) th~ ~e STO~T suspended so~dswe~ of ~S suspended sediment ~m is consid-
v~ues ~d ~e medi~ d~erence be~n ~e ~Sered to be a ~S site for ~s repot. At ~e Vem~is
~d S~T v~ues at Vem~is w~ 24 m~. si~, 558 nu~ent s~ples (43 percent from ~S) ~d
However, for ~s repot, ~� ~ "suspend~ 3,518 suspended sediment s~ples (91 percent from
~ent" w~ be used to ~clude suspended sofids.~S) were ~en at ~e Vem~is site d~g 1972-

Bi~es ~ ~e NAWQA ~b~e p~y ~t 1990. ~out ~e Vem~is site, ~e STO~T datable
~ of ~e ~ for ~end ~yses ~d load c~culations.~co~ts for 71 percent of ~e nu~ent s~ples ~d 59
However, ~e bi~ ~ects boxplots of suspended ~rcent of ~e suspended segment s~ples.
~ent concen~ons. ~e ~gh bi~ ~ USGS ~m At ~e 49 long-te~ sites (fig. 18), 3,397 s~ples
for o~ophosphate, to~ phosphorus, ~o~ ~dwere ~yzed for nu~ents (60 percent ~om STO~T)
~ ~ogen d~g wa~r ye~ 1980 ~d 1981 w~~d 5,089 s~ples for suspended sediments (81 per-
avoi~ ~ ~nd ~ysis. ~e ~g of ~S ~dcent ~om ~S). Exclud~g s~ples ~om ~e S~
S~ ~m for ~end ~ysis of suspended Jo~ ~v~r ne~ Vem~is site, ~ese percen~ges
~ent concen~fions could lead to ~approp6amchmge (61 percent STO~T s~ples for nu~ents ~d
~nd conclusions. Load c~culations of to~ 58 percent ~S s~ples for suspended sed~ent).
phosphorus us~g eider ~S or STO~T da~ ~e 369 sites with nu~ent ~m ~e shown ~
shoed ~ considered ~ ~um estates. Load~~_~ ~ eider ~S or STO~T sites. Sites with
~e~ons ~d boxplots for suspended s~ents~m ~om bo~ ~ given ~e symbol of ~e do~t
~g p~y STO~T ~ ~so should be ~m so~ce (for ex~ple, ~S for ~e S~ Joaqu~
considered ~ ~mum estimates. ~ ~ver ne~ Vem~s site). ~e 287 STO~T sites

~cm~e ~ spafi~ coverage of ~e 82 ~S sites,
p~cul~ly ~ ~e Sie~ Nevada ~d Co~t R~ges

DESCRIPTION OF AVAI~BLE DATA envko~en~ se~gs. Dis~bution of~e 369 nu~ent

~ming and Location of Sampling si~s md 5,457 nu~ent s~ples is shown i~fi~e 20
by envko~en~ sea~g. ~ese co~espond to those

~or to sc~ening, nu~ent ~d(or) suspendedshown ~ fig~es 15 ~d 16, with the addition of a Siena

~ent ~m were av~lable for 927 sites in ~e studyNevada resewo~ subcatego~ ~d a m~stem S~
~L ~e remov~ of duplicate sites, ~dividu~ Joaquin ~ver category. ~e rese~o~s subcatego~
subs~ace a~culmr~ drains, ~eatment pl~t ~cludes sites ~ the Siena Nevada foo~ills just
effluents, water supply SYstems, l~es, ~b~ runoffdowns~e~ from major resewoks. ~e S~ Joaquin
si~s, ~d u~dentified sites reducedt~s to 432 sites inRiver sites ~tegrate the valley east side ~d west side
~ Water Qual~ Assessment and Analysis of Da~, San Joaquin-Tulare Basins, California, 1972-1990
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Figure 16. Comparison of National Water Information System (NWIS) of the U.S. Geological Survey and STOrage and
RETrieval (STORET) database ofthe U.S. Environmental Protection Agency for San Joaquin River near Vemalis, Califomia,
1972-1990. The null hypothesis is~t themedian of NWIS d.ata equals the median of STORET data.
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Figure 16. Continued.
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Rgure 17. Numbers of sites ~nd samples for nutrients and suspended sediment in the final National Water-Quality Assessment
database, 1972-1990, San Joaquin-Tulare Basinb, California, study unit. National Water Information System (NWIS) of the
U.S. Geological Survey; STOrage and RETrieval (STORET) database of the U.S. Environmental Protection Agency.
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Figure 18. Long-term water quality monitoring sites irl San Joaquin-Tulare Basins, Califomia, study unit. National Water
Information System (NWIS) of~e u.s. Geological Survey; STOrage and RETrieval (STORE-F) database of the U.S.
Environmental Protection Agency.
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Table 6. Site and basin characteristics of long-term stream water quality sampling sites, San Joaquin-Tulare Basins, California,
study unit r~, ~ o

[Sit~ ID: unique humor for each si~. F~n ~git numb~ ~ b~ on
latitude ~d longitude. Eight digit nu~e~ refer to ff~u~nfly smpl~ si~s ~ong a major sv¢~; ~ humor is ~sign~ in
downsV~ order. Acronyms: BOR, ~ureau of R~l~afion; COE, U.S. ~y Co~s of Engin~; CRWQCB, C~fo~a
Region~ Wa~r Qu~i~ Convol Bo~d, C¢n~ V~l~y Region; D~ C~fo~a Dep~ent of Wamr Resomces;
USGS, U.S. G~logic~ Su~ey; if, f~t; ~, ~le; ~2, squ~e ~0. S~ figs. 6, 15 ~d 18]

Major land use~
SRe Site name (site ID) AR~de Drainage Envimnmen~l ~ll~ng

area (Ande~on agenc~No. (~)
(mi2)

~ffing ~vel II)

1 ~m ~ver ~t Kemv~� (11187~) 2,622 1,~ Si¢~ Nev~ Fo~st~ve~¢n USGS, D~

2 ~m ~wr below Isab~ga D~ 2,435 2,074 Si~ N~v~ms~o~Fomst~wr~n D~ COE
(353830118284801)

3 ~m ~ver ne~ B~¢~fi~ld 581 2,~6 Sie~ N¢v~ms~o~Fomst~ver~en D~
(352636118513~1)

4 ~gs ~ver ~low No~ Fork, ne~ 942 1,342 Si¢~ N~va~ Fomst~wr~n USGS, D~,
T~r (112185~)                                                                            COE

5 ~gs ~v¢r ~low P~e Eat Dm 557 1,545 Si~ Neva~se~o~Fo~st~ver~en D~, COE
(3~9481192~601)

6 ~gs ~wr b~low Peoples We~ 279 1,742 S~ Joaqu~ V~ey, e~tA~c~rc~ds D~, USGS
(362912119321201 ) si~uvi~ ~d v~ey~

7 ~e ~ver n~ Sp~fll¢ 680 247 Sie~ N~v~ For~st~ver~en D~ COE
(3~542118501201)

8 ~ ~ver below Suc~ss D~ 536 393 Sie~ N¢v~mse~o~Fomst~v¢r~en D~, COE,
(3~32411855~1)                                                                         USGS

9 ~w~ ~ver ~ ~�~ ~ve~ 810 418 Si~ N¢v~ Fo~st~v¢r~en D~ COE
(3626361185~01)

10 ~w~ ~ver below Te~ Dm 495 561 Si¢~ Nev~mse~o~Fomst~ve~¢n D~ USGS
(362~8119~201)

S~ 3oaq~
11 S~ Jo~ ~wr sou~ fork m Mono Hot6,949 184 Si¢~ Neva~ Fomst~wr~¢a D~, USGS

Sp~ (371830118574201) :

12 S~ ~o~ ~v~r ~low Ke~off 5~ 1,480 Sie~ Nev~ Fomst~ver~¢a D~ USGS
£ow¢~ous¢ (37~5119333 ~ 1 )

13 S~ ]o~a~ ~ver ~low Fd~t D~ 295 1,676/ Si¢~ Nev~ms~o~ Fomst~ver~¢nD~
(365~119432401)

14 S~ Jo~ ~v¢in¢~ Mendom 150 (~) (~) A~~mpl~d D~, USGS
- (3~836120223601)

15 F~no ~ver below ~dden D~ 384 258 Si~
(370~8119532401)

16 S~ Jo~9~ ~ver n¢~ Stev~son 63 48~ S~ Joaqa~ ~ver A~cul~mpl~d USGS, D~

(112~815). -.-... ~ ~tor sire ~d p~ BOR
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Table 6, Site and basin characteristics of long-term stream water quality sampling sites, San Joaquin-Tulare Basins,
Califomia~ study unit--Continued

Major land usa1
Site Site name (site ID) Altitude Dralnagearea Environmental (Anderson Collecting
No. (ft)

(mi2)
setting Level II) agency2

17 Panoche Drain near Dos Palos 141 ~66 San Joaquin Valley, westAgriculture---cropland DWR
(365524120411802) side/alluvial and pasture

18 Camp l3SloughnearOroLoma 131 ~9 San Joaquin Valley, westAgriculture---cropland DWR
(365630120451802) side/alluvial and pasture

19 Salt Slough near Stevinson (l1261100) 65 7475 San Joaquin Valley, westAgriculture--cropland USGS, DWR;
side/alluvial and pasture BOR

20 San Joaquin River at Fremont Ford Bridge56 41,02 San Joaquin River Agriculture--cropland DWIL USGS,
(371836120554204) 5 integrator site and pasture BOR

21 Mud Slough near Gustine (11262900) 72 7475 San Joaquin Valley, westAgriculture---ca~pland USGS, BOR
side/alluvial and pasture

22 Merced River at Happy IsIes Bridge 4,020 181 Sierra Nevada Forest---evergreen USGS, DWR
(11264500)

23 Merced River n~r Brieeburg (I 1268200) 1,194 691 Sierra Nevada Forest--evergreen USGS, DWR

24 Mereed River below Merced Falls 310 1,061 Sierra Nevada/reservoirsForest--evergreen DW1L USGS
(373115120195501)

25 Mereed River at Milliken Bridge 63 1,250 San Joaquin Valley, eastAgriculture---orchards DW1L USGS
(372142120510001) sid~ integrator site and vineyards

26 Merced River near Stevinson (11272500)55 1,273 San Joaquin Valley, eastAgriculture---orchards USGS
sid~ integrator site and vineyards

27 San Joaquin River near Newman 49 ~2,93 San Joaquin River Agriculture--cropland USGS
(11274000) 2 integrator site and pasture

28 Orestimba Creek at Highway 33 105 Bll San Joaquin Valley, westAgriculture---cropland DWR, USGS
(372236121032401 ) fide/alluvial and pasture

29 Orestiraba Creek at River Road 50 B15 San Joaquin Valley, westAgriculture---cropland CRWQCB
(372520121000901) side/alluvial and pastur~

30 Spanish Grant Combined Drain 45 s23 San Joaquin Valley, westAgriculture---ca’opland CRWQCB ¯
(372608121015901) side/alluvial and pasture

31 San Joaqttin River near Patterson 35 "3,17 San Joaquin River Agriculture---cropland USGS, DWR
(11274570) 2 integrator site and pasture

32 0live Avenue Drain (373027121051501)40 7 San Joaquin Valley, westAgriculture--orchards CRWQCB
side/alluvial and vineyards

33 D~I Puerto Creek at Vineyard Road 88 slO San Joaquin Valley, westAgriculture--orchards CRWQCB
(373220121072201) side/alluvial and vineyards

34 San Joaquin River near Grayson 25 43,60 San Joaquin River Agriculture--cropland DWR
(373348121090601) " 0 integrator site and pasture

35 Grayson Road Drain (373343121102701)40 4 San Joaquin Valley, westAgriculture---cropland CRWQCB
.~;ideialluvial and pasture
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Table 6, Site and basin characteristics of long-term stream water quality s a lare Basins,
California, study unit--Continued

Major land use1
Site Altitude Drainage Environmental CollectingSite name (site ID) area (Anderson agency=No. (ft)

(mi=)
setting

Level II)
36 Tuolurane River at Tuolurnne Meadows 8,700 75 Sierra Nevada Forest--evergreen DWR

(375242120173601)

37 Taolumne River at LaGrange Bridge 170 1,538 Sierra Nevada/reservoirsForest---evergreen DWR, USGS
(374000120274201)

38 Taolumne River at Modesto (11290000) 40 1,884 San Joaquin Valley, eastAgriculture--orchards USGS,
side integrator site and vineyards

39 Tuolumne River at Tuolumne City 28 1,896 San Joaquin Valley, eastAgriculture--orchards DWR, USGS
(373612121080001 ) side integrator site and vineyards

40 ingram Creek at River Road 52 Sll SanJoaquinVatley, westAgriculmre---6~opland CRWQCB
(373601121132701) side/alluvial and pasture

41 Hospiud Creek at River Road 49 s5 San 3oaquin Valley, westAgriculture--cropland CRWQCB
(373638121134301) side/alluvial and pasture

42 San Joaquin River at Maze Road 17 45,81 San Joaquin Rivei "Agriculture--cropland USGS, DWR
(11290500) 2 integrator site and pasture

43 Stanislaus River Middle Fork at 6,326 48 Sierra Nevada Forest---evergreen DWR, USGS
Dardanelle (382030119492401)

44 Stanislaus River below Goodwin Dam 253 986 SierraNevada/reservoirsForest---evergreen DWR
(375106120381201)

45 Stanislaus River at Ripon (113030000) 40 1,075 San Joaquin Valley, eastAgriculture---orchards USGS
side integrator site and vineyards

46 Stanislaus River at Koetitz Ranch 25 1,100 San Joaquin Valley, eastAgriculture---orchards DWR, USGS
(374200121101201) side integrator site and vineyards

47 San Joaquin River near Vernalis 13 46,94 San Joaquin River Agriculture---cropland USGS, DWR
(11303500) 8 integrator site and pasture

48 Mokelumne River near Mokelumne Hill 585 544 Sierra Nevada Forest---evergreen DWR
(381846120430901)

49 Mokelumne River at Woodbridge 15 661 San Joaquin Valley, eastAgriculture---orchards USGS, DWR
(11325500) side integrator site and vineyards

l This is the major land use affecting water quality at the site (for example, at site 25, more than 1,000 of the 1,250 mi2 drainage area is

forest land, but the major land use affecting water qqality is. agriculture) (Anderson and Others, 1976).
2 Listed in order of importance (number of samples). If USGS is list(d Krst, the site is shown as NWIS site in figure 18. Other sites are

shown as STORET sites.
3 Most water at this site has been transported from the Sacramento-San Joaquin Delta, more than 100 mi to the nor&, through the Delta-

Mendota Canal..
4 The perennial stretch of the San Joaquin-River begins with the inflow from Bear Creek just upstream of the Stevinson site. The drainage

area for the San Joaquin River near Stevinson site is the area drained .by Bear Creek. Downstream San Joaquin River sites are adjusted
accordingly.

5 Area of the Panoche Drainage District.
.6 Area of the Pacheeo Water District. ,
7 Area of the combined Salt Slough and Mud Slough drainages, which are interconnected. Drainage can go either Way.
8 Drainage area in the valley only. The C.past Ranges usually do not contribute to flows at these sites, especially during the irrigation

season, and are not included. ". " " . .
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Figure 20. Nutrient samples and sampling sites ~o~ environmental settings in San Joaquin-Tulare Basins, California, study unit.See figure 15 for environmental settings.

environmental settings. The Sierra Nevada, includingAlluvial fans in the San Joaquin Basin account for 34
the Sierra Nevada reservoirs category from both percent of the sites and 19 percent of the samples.
basins, accounts for 50 percent of the nutrient sites andThe 34 long-term STORET sites (fig. 18)
37 percent of the nutrient samples, and the San Joaquinimprove the spatial coverage provided by the 15 NWIS
River simms between Mendota Pool (site 14, fig. 18) andsimms, particularly in the Sierra Nevada portion of the
Vemalis (site 47) aeeotmt for 6 percent of the sites andTulare Basin and along the upper San Joaquin River.
21 percent of the samples. A!luvial fans in the valleyThe environmental setting distribution of nutrient and
portion of the San :Ioaquin Basin (fig. 15) account forsuspended sediment samples at the 49 long-term sites
22 percent of the sites and 24 percent of the samples,is shown in..fi~_~ The .San Joaquin River sites

The 235 sites with suspended sediment data areaccount for 16 percent of the sites, 33 percent of the
sho .wnmfi~2~. The 179 STORET sites improve thenutrient samples, and 75 percent of the suspended
spatial coverage provided by the 56 NWIS sites, / ~sediment samples. The alluvial fans in the San Joaquin
particularly in the Sierra Nevada part of the TulareBasin account for 39 percent of the sites, 28 percent of

Basin. The distribution of the 235 sites and 6,217 the nutri.ent samples, and 14 percent of the suspended
samples is shown in’~t~z2-:~ ~y environmental sediment samples. The Sierra Nevada and Sierra
setting. Only 9 percent of the sites, but 62 percent of~eNevada reservoirs account for 22 percent of the sites,
samples, are from the San Joaquin River (3,518. 23 percent of the nutrient samples, and 8 percent of the
suspended sediment samples were from the Vernalissuspended sediment samples.
site). Approximately 34 percent of the sites and 13 The percentage of samples collected during the
percent of the samples are from the Sierra Nevadairrigation season at the long-term sites in the
(including the Sierra Nevada res6~,oirs category),agriculture-dominated valley environmental setting is
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StJBJECT TO REVISION
,-~ 80 , , , , , higher at low streamflows, and sampling that is biased
.mE West side, I-’-q Nutrient samples towards low strearnflows would produce mean nutrient
~ alluvial fans m Suspended sediment concentrations that may be biased high. Also,~ 70 samples
o~ suspended sediment concentrations are typically lower
~ East side,
-.,~a ~lluvial fans East side, at low streamflows, and this biased sampling may
,o 60 alluvial fans San Joaquin produce mean suspended sediment concentrations that

~ River
~ ~;’~ are biased low. For load calculations, it is especially
~ 50 important to have sufficient samples at high
~= ~ ~1 streamflows because most of the annual load is

~ 40 il transported at high streamflows.
~, To evaluate the NAWQA database for possible

to

~a.
~ ~ bias with regard to streamflows at time of sampling, we

E 30 !.1 chose 8 of the 49 long-term monitoring sites as

~ representative. These eight sites include three Sierra
_o 20 Nevada sites, three San Joaquin Valley sites (one west
~ ~ side and two east side), and two mainstem San Joaquin
-== 10 River sites (figs. 25and 26). For each site, the number,..
~ of nutrient and suspended sediment samples collected
t̄O ~ during each 10 percent of strearnflow for the period ofa. 0

Tulare San Joaquin sampling were counted. The first 10 percent of
Basin Basin Sites streamflow (0 to 10) represents the lowest 10 percent of

Environmental Setting streamflows during the given time period. For evenly
distributed, unbiased sampling, 10 percent of theRgure 24. Percent of nutrient and suspended sediment

samples collected during the irrigation season at long-term samples would be collected during each l0 percent of
sites in the San Joaquin Valley, California. See figure 15 for streamflow.
environmental settings. The main concern is possible bias in sampling at
shown in ff~’:~4. Although irrigation in the studythe extremes of streamflow (0-10 and 91-100 percent)
unit generally begins in March, there frequently are(figs. 25 and 26). For nutrients, there is a slight bias
significant storms in March. Thus, the period whentowards sampling at higher streamfiows at the
water quality in the study unit is primarily affected byTuolurrme River at Modesto (site 38, fig. 18) and the
irrigation return flows is defined as April through San Joaquin River near Newman (site 27), a shortage
September (50 percent of the year). There generally isof sampling at the lowest streamflows at the Tule River
not much difference in the s.ampling frequency below Success Dam (site 8), and an abundance of
between irrigation and nonirrigation seasons, except¯ sampling at the lowest streamflows at the Mokelumne
for suspended sediment in t,he west side alluvial fans ofRiver at Woodbridge (site 49). For suspended sedi-
’ the San Joaquin Basin. Most suspended sedimentments, there were no samples at the lowest streamflows
sampling by the CRWQCB and local water districtsat the Tule River below Success Dam (site 8, fig. 18)¢
was done dtLdng the summer months. Therefore, mostand an abundance of samples at high streamflows at the
suspended sediment data are from this period, and theSan Joaquin River near Newman (site 27). For the
data are biased. 3,471 suspended sediment samples collected at the San

¯ Joaquin River near Vernalis (site 47) with associated

Streamflow at Time of Water Quality Samplingstreamflow values, there was a slight abundance of
sampling at the lowest streamflows and a slight short-

It is important to know the streamflow at the timeage of sampling at the highest stre.arnflows. The
of water quality sampling and how it compares to long-Vernalis site had daily samples for water years
term streamflow. An even distribution of sampling1973-1982 and reduced sampling (weekly, biweekly,
across streamflow regimes is important to repre.sentor monthly) during the remainder of the study period..
constituent concentrations adequately and for calcu-Thus, statistics for 1973-1982 dominated the sum-
lafing loads. Concentrations of dissolved nutrientsmary for the study period and included the lowest
(nitrate, ammonia, and 0rthophosphate) are typicallystreamflow period (1977), but missed the highest

42 Water Quality Assessment a~d Analysis of Data, San doaquin-Tulare Basins, California, 1972-1990
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25 A San Joaquin River sites Nutrient

I Site 27, San Joaquin River near Newman (1986-1988, 47 samples)
20    ~ Site 47, San Joaquin River near Vemalis (1972-1990, 558 samples)

0-10        11-20      21-30       31-40      41-50      51-60      61-70      71-80      81-90     91-100
Percent of streamflow

25
B San 3oaquin Valley sites Nutrient

I Site 21, Mud Slough near Gustine, (1986-1988, 75 samples)
20    ~ Site 38, Tuolumne River at Modesto (1986-1988, 45 samples)

~ Site 49, Mokelumne River at Woodbridge (1975-1990, 143 samples)

E

5

0 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
Percent of streamflow

C Sierra Nevada’sites ~utrient
1 Site 8, Tule River below Success Dam, (1972-1990, 64 samples)

20 ~ Site 4, Kings River below North Fork, near Trimmer (1974-1990, 145 samples)
~ Site 22, Merced River at Happy Isles Bddge (1972-1990, 171 samples)

~15

0-10 11-20 2~-aO ~1-40 4~-50 51-60 61-70 71-80 81-90 91-~ O0
Percent of streamflow

Figure 25. Percent of streamflowa~ociated with nutdent samples collected at selected sites in San Joaquin-Tulare Basins,
California, study unit. See figure 18 for site locations.
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A San Joaquin River sites Suspended sediment
I Site 27, San Joaquin River near Newman (1986-1988, 41 samples)
~ Site 47, San Joaquin River near Vema~is (1972-1990, 3,471 sarnples)

2O

~ lO

0
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Percent of streamflow

25
Suspended sediment

I Site 21, Mud Slough near Gust~ne (1986--1988, 44 samples)
~ Site 38, Tuolumne River at Modesto (1986-1988, 35 samples)

20~         ~ Site 49, Mokelumne River at Woodbridge (1975-1990, 111 samples)

-~ 10-

5

0
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Percent of streamflow

25
C Siena Nevada’sites Suspended sediment

~ Site 8, Tule River below Success Dam (1977-1987, 39 samples)

¯ 20
~ Site 4, Kings River below North Fork, near Trimmer (1978-1990, 93 samples)

¯ ~ ~ Site 22, Merced River at Happy Isles Bridge (1972-1990, 96 samples)

~ 15

-- 10

5

0 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
¯ Percent of streamflow

Rgure 26. Percent of streamflow associated with suspended sediment samples collected at selected sites in San Joaquin-
Tulare Basins, California, study unit. See figure 18 for site locations.
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streamflow period (1983). This explains the bias seenbased on all long-term sites with sufficient data,
in figure 26 at the Vernalis site. This bias is removed byincluding mainstem San Joaquin River sites.
reducing the Vemalis database to monthly sampling forThe valley west side simms include two agricul-
the study period, tural drains (Panoche Drain near Dos Palos [site 17, fig.

In general, the sampling of nutrients and 18] and Camp 13 Slough near Oro Loma [site 18]), two
suspended sediments at these eight representative sitessloughs dominated by surface and subsurface agricul-
is fairly well distributed across the streamflow regime,tural drainage (Mud Slough near Gustine [site 21] and
and the resulting database probably is representative ofSalt Slough near Stevinson [site 19]), and two creeks
concentrations at these sites. Samples collected at thesedominated by surface agricultural drainage during
8 simms constitute 26 percent of the nutrient samplesirrigation season (Orestimba Creek [simms 28 and 29]
collected at the 49 long-term sites (16 percent if the Sanand Del Puerto Creek at Vineyard Road [site 33]). The
Joaquin River at Vemalis site is excluded) and 77valley east side sites include the three major tributaries
percent of the suspended sediment samples (29 percentto the lower San Joaquin River (Merced River near
if the Verualis site is excluded). As with most of theStevinson [site 26], Tuolumne River at Modesto [simm
long-term monitoring sites, these eight si~es are 38], and Stanislaus River at Ripon [simm 45]), the
generally sampled on a regular monthly or quarterlyMokelumne River at Woodbridge (site 49), and one site
schedule, which results in collection of samples thatfrom the Tulare Basin (Kings River below Peoples
represent the overall streamflow regime at these sites.Weir [site 6]) (fig. 18).

The valley west side simms have significantly
higher concentrations of nitrate, total nitrogen, total

DESCRIPTION OF CONSTITUENT phosphorus, and suspended sediment than the valley
CONCENTRATIONS BY ENVIRONMENTAL east side and Sierra Nevada sites (table 7). This is due
SETi’ING to thehigh rJitrate concentrations in subsurface

drainage and the easily erodible fine-grained soils on
Differences in Constituent Concentrations the west side of the valley, which cause suspended
Among Environmental Settings sediment concentrations to be higher and more

The differences in constituent concentrations
particulate forms of nutrients to be transported.

In the agricultural drains on the valley west side,among environmental settings are illustrated by
nitramm concentrations are especially high, mostly fromboxplots of nitrate, ammonia, total nitrogen, native soil nitrogen in the ground water of the west

orthophosphate, total phosphorus, and suspendedside, which is transported through subsurface agricul-
sediment at several representative long-term simmstural drains (Brown, 1975). Most exceed the EPA
during 1972-1990 (~fig.L2,:7.~. The environmental maximum contaminant level for drinking water of
settings considered are San Joaquin Valley west and10 mg/L as N (U.S. Environmental Prommction Agency,
east sides and Sierra Nevada (fig. 15B). Discussion of1986); however, these drains are notddaking water
the Coast Ranges environmental setting is not possiblesources. The other west side simms contain more dilution
due to insufficient data. The range of letters from water (operational spills, tailwater, natural runoff) and
Tukey’s test on ranks by environmental setting is giventhus have lower concentrations.
in~Qbl~7~and on boxplots in figure 27. Boxplots are Subsurface agricultural drains are not a major
useful to compare groups of data visually. The boxplotssource of total phosphorus and suspended sediment and
produced by PT2 are called 10-90 boxplots. The boxhave concentrations comparable to other valley west
includes the middle 50 percent of the data, and the/ ~ide sites. The easily erodible, fine-grained soils of the
whiskers extend to the 10th and 90th percentiles. Thewest side contribute to higher suspended sediment
PT2 boxplots use a log scale of concentration on theconcentrations, which can2� higher concentrations of
y-axis. Likewise, the streamflow values in the PT2nutrients relative to the coarser grained east side soils.
plots of constituent concentration versus streamflowThe difference in suspended sediment concentration
are plotted on a log scale. Boxplots with a commonbetween west side and east side would be even more
letter are not significantly different at a 0.05 alpha leve!apparent except that most west side values were from
based on Tukey’s test on ranks (Helsel and Hirsch,grab samples that were biased low (fig. 16F), whereas
1992). Although only selected lo.ng-term sites are all east side values were from width- and
shown in figure 27, the Tukey’s test results (table 7) aredepth-integrated samples.

Description of Constituent Concentrations by Environmental Setting 45
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Number of samples

75 71 148 108 16 93 77 71 143    59 40 58    170 40 46 42    116 45 47 148
........ ~itr~e "

10 7st~

1 101h percentile

0,10 ..... KL -P- NO k~N- -P- - -P- -O-P- -M~- LM aN

San Joaquin Valley San Joaquln Valley
west side east side Sierra Nevada

Site number

Number of samples
11 22 81 81 38 27 28 61 21 13 73 11 13 12 72 13 14 83

1 Ammonia

0.01    - - ........ ~- - ~ - - -
LM LM I J M M I J LM KL JK KL

KL KL L
San Joaquin Valley San Joaquin Valley

west side east side Sierra Nevada
0.001

17 18 19 21 25 39 46 49 6 12 22 36 43 48 1 7 9 4
Site number

Number of samples
¯ 23 32 104 94 73 53 46 125 33 25 39 116 29 36 33 106 85

~ , Total nitrogen

lO

"~ N 0.10 ........
~ E

L IJ IJ JK KL JK IJ I
KL    K     L           -L¯

I-               San Joaquin Valley San Joaquin Valley
west side e~st side Sierra Nevada

0.01 , , , , , , , ,       , ,       , ’
17 18 19 21 25 39 46 49 6 11 12 22 36 43 48 1    4

Site number

Rgure 27. Nutdent and s_u._spended sediment concentrations at long-term water quality monitoring sites by environmental setting
in San Joaquin-Tulare Basins~ California, study unit, 1972-!990. Letters on boxplots refer to results of Tukey’s test on ranks
(table7). Site numbers refer to table 6 and figure 18.
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Number of samples

38 118 91 15 84

~ _ ~ ~ O~oph~spha~

D GH FG I HI HI I GH I GH- EF
I I I H I

San Joaquin Valley S~ Joaquin V~ley

18 19 21 28 25 39 ~ 49 6 11 12 ~ =36 ~ ~ 1 7 9 4
Site number

Number of samples
43 50 119 97 15 84 69 64 142 49 39 56 171 38 45 33 111 11 110

Total phosphorus

17 18 19 21 28 25 39 46 49 6 11 12 22 36 43 43 1    9 4
Site number

Number of samples
=" 43 38 66 51 24 24 50 40 48. 112 12 11 12 96 12 10 111 22 19 98
=o ............... SuSpended sediment

1 ..................................
~.m San Jo~quin Valley San Joaquin Valley
~̄ wRst sldq v v ~ v Sie ~r~a Nev~ada~ 0.1 ~ v v ~ v v east plde

17 18 19 21 29 33 26, 38 45 z~9 6 11 12 22 43 46 1 7 9 4
Site number

Figure 27. Continued.
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"~’a~%e 7. Summary ol 3-ukey’s test on ranks for nutrients andpercentage of fine-grained suspended sediments from
suspended sediment at long-term water quality monitoringwest side inputs, one would expect higher concentra-
sites, San Joaquin-Tulare Basins, California, study unitdons of nutrients attached to suspended sediment from
[Sites with the same letter are not significantly different at the the west side.
95-percent confidence level. A refers to highest concentrations; M Although only nutrient and suspended sedimentto lowest concentrations (see figs. 27-29)]

concentrations are evaluated in this report, the medianEnvironmental setting
values for specific conductance, pH, dissolved oxygen,

San San
Constituent Joaquin San    Joaquln

Sierra total hardness, total organic carbon, and chlorophyll a,
Velley Joaquin Valley Nevada also are given in table 8 for long-term sites.

Riverwest side          east side
Nitram A-F B-K G-M L-P
~ A-H A-I P--M G-M Concentrations of Constituents in the Lower
To~ z~’ogen A-D C-G G-I ~-L San doaquin River
Orthophosphat~ B-E A-C D-I E-I

Total phosphorus A-D A-D E-H G-I
Nutrient and suspended sediment concentra-Susp~nde~l A-D C-F F-G F-G

sediment dons along the mainstem San Joaquin River and its
Suspended A~-C A-P- D-H H most significant inputs affecting the concentrations are

sediment siz~ shown in ~’giffe 291 For all constituents, the east side
tributaries dilute water in the San Joaquin River;,

Nutrient and suspended sediment concen- concentrations in the west side tributaries are equal to
trations are low at all the Sierra Nevada sites (fig. 27).or greater than those in the mainstem San ]oaquin
Most of the nitrate and orthophosphate concentrationsRiver. Also, for all constituents, the dilution by east
are below the reporting level. Much of the variationside tributaries is not as great as would be expected
among Sierra Nevada sites is a function of altitude:from mass balance calculations due to other sources of
higher altitude sites generally have low~ concentra-agricultural drainage to the mainstem San J’oaquin
dons of nutrients and suspended sediment due to lessRiver, which are not shown. For nutrients, concert-
disturbance in the drainage basin. Despite the rela-tmtions are determined primarily by relatively concen-
tively low concentrations of nutrients and suspendedtrated inputs from west side agricultural drainage,
sediment at Sierra Nevada sites, not all sites are signi-discharges from east side wastewater treatment plants
ficantly lower than valley east side sites (table 7). Theand dairies, and by relatively dilute inputs from major
source of water for valley east side sites is the Sierraeast side tributaries.
Nevada, and concentrations of nutrients and suspendedFor example, nitrogen species, which have low
sediment often are not significantly different. Theconcentrations at the upstream San Joaquin River site
effect of agriculture at the valley east side sites isnear Stevinson (site 16; fig. 18), increase greatly with
dependent on the season and artificial agriculturalagricultural drainage input from Salt and Mud Sloughs.
drainage systems upstream from the valley sites.Between Patterson and Vernalis (sites 31 and 47) the

Contrast in the grain size of suspended sedimentconcentrations are lower, as runoff from east side.
can be seen by plotting the percentage of suspendedtributaries enters the river (fig. 29A and C). This pattern
sediment that is less than 0.062 millimeters (ram) inis similar for other constituents in the San Joaquin
diameten This is the approximate break between the,River (Ifi-atzer and others, 1987; Westcot and others,
clay and silt fraction, and the sand and gravel fra.ctign.1991; Hill and Gilliom, 1993), including selenium,
The median of suspended sediment less than 0.062 hamboron, and dissolved solids. Ammonia concentrations
in.~aneter at valley west side sites is 96 percent (fig.increase in the river between Newman (site 27) and

~21~ For the San Joaquin River sites, this median i~’ 92Patterson (site 31), v~hich is not explained by the inputs
percent. For valley east side sites, the median is 80showia in figure 29B. This is partly due to the Turlock
percent, and for the Sierra Nevada sites it is 54 perce.nt,wastewater U’eatment plant discharge to the San
This suggests that most of the suspended sediment inJoaquin River through Turlock Irrigation District drain
the San Joaquin River originates from valley west sidelateral number 5 (fig. 13) and partly due to discharges
inputs, despite more than 75 percent of the flow in thefrom dairies. In calendar year 1991, this discharge had
San Joaquin River originating from east side sourcesa mean ammonia concentration of 8.2 mg/L as N and a
(Ifi’atzer and others, 1987). On the basis of the highermean flow of 13.2 ft31s (based on lq’PDES

48 Wster Quality Assessment end Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990
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- 25th per.ntile

~ San Joaquin
~ Valley San Joaquin Valley
"- west side San J0aqui~ Biver                    east side Sierra Nevada

19 21    16 20 27 31    42 47 26 38 45 49 22    1     4
Site number

Figure 28. Differences in suspended sediment size among environmental se~ings, 1972-1990, in San Joaquin-Tulare Basins,
California, study unit. Le~ers on boxplots refer to results of Tukey’s test on ranks (table 7). Site numbers refer to table 6 and
figure 18.

Merc~ w~tewater ~eatment pl~t. Phosphorus levelss~enL ~te~ated s~ples. As ~e v~ues for ~e
at Stev~son ~e essenti~y the s~e ~ ~e levelsgab s~ples ~e systematic~y lower ~ ~e
ente~g ~om ~e west side sloughs. ~ere Nso appe~s~tegated s~ples, ~e effect of ~e agficulmrN dr~s
to be a sigNfic~t so~ce of phosphorust0 the is even greater th~ shown.
~stem S~ Joaqu~ River between Newm~ (site//.
27) ~d Pa~e~on (site 31) that is not shown in fi~re Relation to National Conditions~9D_~d E, probably due to disch~ges from the
Tufl~k w~tewater weatment pl~t ~d d~fies. ~e US GS 199~1991 NationN Water Su~

~e paaem of suspended sediment concenWa-describes water quNity at sites ~roughout the United
tiOns in the m~nstem S~ Joaquin River (fig. 29~.alsoS~tes, categorized by four ups~e~ l~d use groups
is s~l~ to niuogen concentrations. One difference is(U.S. GeologieN Su~ey, 1993). Sites were selected to
that dilution ~om east side tfibu~es does not lower"represent the nationwide propo~ion of agficultur~,
the river concentrations betwe~ Patterson ~d M~eforest, r~ge, ~d urb~ l~d. For each l~d-use group,
Road (sites 31 ~d 42, fig. 18), ~dbnly slightly lowgrsa nation~ average boxPlot is presented for
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SUBJECT TO REViSiON
Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit

[First fine represents median value. Second line shows number of samples, in italics, rag/L, milligram per liter;, pg/L, microgram per liter,
pS/em, miemsiemen per centimeter at 25 degrees Celsius; ram, millimeter, <, less than; ---, no data]

Site Specific
Oxygen, Hardness, Nitrate, Nitrogen, Nitrogen,

total, dissolved, ammonia,
K]eldahl,No. conduct- pH dissolved

as CaCO3 as N dissolved, total, as N(fig. Site name
ance

as N18) (pS/cm)
(rag/L)

(mg/t.) (mg/L) (mg/L) (mg/L)

1 Kern River at Kemville 109 7.5 10.3 34 0.10 0.02 0.21
112 124 121 l]O 104 63 104

2 Kern River below Isabella Dam 111 7.4 10.0 33 0.10 0.05 0.30
33 40 37 53 53 11 8

3 Kern River near Bakersfield 126 7.6 10.0 36 <t9.10 -- 0.30
47 56 53 "47 46 -- 29

4 Kings River below North Fork, near 43 7.2 10.7 14 <0.10 0.02 0.27
Tdrnmer 122 125 124 134 135 75 86

5 Kings River below Pine Flat Dam 34 7.3 10.8 12 <0.10 0.02
11 26 14 33 35 13 --

6 Kings River below Peoples Weir 67 7.2 9.9 23 0.15 0.02 0.20
50 66 63 48 "58 13 33

7 Tule River near Springville 296 8.1 " 10.7 100 <0.10 0.02 0.23
23 27 27 40 44 12 7

8 Tu]e Riverbelow Success Dam 214 7.6 10.2 79 0.16 0.06
34 59 38 55 62 14

9 Kaweah River at Three Rivers 81 7.4 10.1 29 -<0.10 0.03 0.20
21 27 27 41 42 13 9

10 Kaweah River below Terminus Dam 82 7.3 10.1. 33 <0.10 m 0.30
34 50 46 41 46 -- 17

ll San Joaquin River south fork at 27 7.2 ’ 8.8 7 <0.10 m 0.10
Mono Hot Springs 28 40 36 27 32 -- 24

12 San Joaquin River below Kerekhoff 30 7.1 10.6 7 <0.10 0.02 .0.14
Powerhouse 48 68 61 42 54 7 38 :

13 San Joaquin River below Friant 48 7.0 11.2 14 <13.10 D 0.23
Dam ’ 43 51 47 43 30 ~ 10

14 San Joaquin River near Mendota 492 7.7 9.7 110 0.52 0.01 0.50
58 72 68 58 50 10 28

15 Fresno River below Hidden Dam 155 7.3 9.2 40 0.14 0.06
22 24 21 33 30 9 --

16 San Joaquin River near Stevinson 590 8.0 9.0 ’: 130 0.20 0.05 1.2
92 , 109 72 .68 97 52 70

17 Panoche Drain near.D~s Palos 3,300 7.9 ~ 800 19.2 0.26 1.3
73 95 ~ 62 75 lI 23.

50 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, Californl.a, 1972-1990

D--039986
D-039988



PRELI? ;  ARY
SLi. J. CT TO REVISION..

Table 8. Water quality data for tong-term sites, San Joaquin-Tulam Basins, Cal~omia, stu~ unit~onUnued

Site Phosphorus,
Cain, ~.. ~lmen~

No. N~mgen, Phosphom=, d~lv~,
organic,~G~omphyll ~us~nd~ ~lme~

(fig. S~ name to~l, as N to~l, a~ P o~
18) (m~) (m~) phosph~, t~l ~~) ~nt

a~ P (m~) (m~) ~.06= ram) (m~)

1 ~m ~ver m Kemvgle 0.26 0.02 0.0l 2.0 ~ ~ 5
105 llO ~ 17 -- 32 Ill

2 ~m ~ver ~low ~ga D~ 0.70 0.~ 0.02 ~
7 21 36 ~ ~ ~ 22

3 ~m ~ver ne~ B~field 0.34 0.~ 0.02 3.2 ~ ~ 6
29 43 39 12 ~ ~ 14

4 ~gs ~ver ~low No~ For~ ne~ 0.35 0.01 ~.01 1.7 ~ 61 2
T~er 85 107 ~ 19 -- M 95

5 ~ ~v~r ~low P~e ~m Dm-- -- 0.01 -- -- -- 1

6 ~gs ~ver ~low Peoples We~ 0.39 0.~ ,0.02 2.5 ~ ~ 5
33 49 39 11 ~ -- 12

7 ’ T~e ~ver ne~ Sp~le, 0.31 0.03 0.02 ~ ~ ~ 3
7 9 24 ~ ~ -- 22

8 ~e ~ver below Sue~ss D~ -- 0.~ 0.02 ~ -- -- 6
-- 21 34 ~ ~ -- 39

9 ~w~ ~wr at ~e ~ve~ 0.28 0.02 0.01 ~ ~ ~ 4
9 lI 19 -- -- -- 19

10 ~w~ ~ver below Te~us Dm 0.41 0.02 0.01
17 31 14

11 S~ Jo~ ~ver sou~ fork m 0,11 0.01 0.01 1.2
Mono Hot Sp~gs 25 24 I4 9

12 S~Jo~ver~low Ke~off0.19 0.01 0.01 1.5

13 S~ Jo~ ~ver below Fd~t 0.32 0.05 0.03 ~ ~ ~ 6
Dm I1 ~ 26 24 -- -- -- 7

14 S~ Jo~u~ ~ver n~ Mendota 0.95 0.I5 0.08 4.8 ~ ~ 51
28 42 42 14’ -- -- 18

15 Fresno ~ver ~low Hidden Dm ~ 0.08 0.~ ~ ~ ~ 6

16 S~ Jo~uin ~ver ne~ Stevinson 1.4 " 0.28 0.13 8.0 :’ 14 91
70 86, 81 40 41 45 49

17 P~he D~ n¢~ Dos P~os.~_ ]9.6 , 0.25 0.05 8.8 ~ ~ 136
"" 23 "43 " 27 22 -- -- 43
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SUBJECT TO I EVISiON
Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit--Continued

Site Specific
Oxygen, Hardness, Nitrate, Nitrogen,

Nitrogen,
total, dissolved, ammonia,

KJeldahl,No. Slta name conduct,
pH dissolved as CaCO3 as N dissolved, total, as N(fig. ance

as N18) (~S/cm) (rag/L)
(mg/L) (mg/L)

(rag/L) (rag/L)
18 Camp 13 Slough near Oro Loma 3,080 7.9 -- 760 12.7 0.06 1.0

71 85 -- 52 71 22 32

19 Salt Slough near Stevinson 1,750 7.7 7.6 380 2.9 0.12 1.3
191 228 ]91 145 ]48 81 ]04

20 San Joaquin River at Fremont Ford1,370 7.8 8.7 290 1.3 0.07 1.2
Bridge 188 233 200 137 ]61 75 115

21 Mud Slough’near Gustine 2,550 8.1 9.0 520 2.2 0.09 1.5
136 133 87 95 .108 81 95

22 Merced River at Happy Isles Bridge 21 6.8 10.7 6 <0.10 0.03 0.20
170 172 151 167 152 66 113

23 Merced River near Bdceberg 43 7.2 10.4 13 <0.10 -- 0.14
58 59 40 25 34 -- 25

24 Merced River below Merced Falls 47 7.1 10.2 16 <0.10 -- 0.11
28 33 26. 28 28 -- 8

25 Mereed River at Milliken Bridge 143 7.2 8.9 46 0.84 0.04 0.30
81 142 142 45 93 35 73

26 Mereed River near Stevinson 189 7.6 8.4 56 1.3 0.04 0.50
60 60 56 57 57 53 57

27 S~ Joaquin River near Newman 1,190 8.0 9.2 240 2.0 0.08 1.0
57 57 31 55 54 54 53

28 Orestimba Creek at Highway 33 627 ’      8.1 9.3 190 1.5 --
34 58 54 14 16 -- --

29 Orestimba Creek at River Road

30 Spanish.Grant Combined Drain .... . -- -- --

31 SanJoaquinRlvernearPatterson- 1.,210 /"/" 7.8        8.4      260 2.1 0.22 ,1.2
101 131 127 80 81 51 65

32 Olive Avenue Drain" --

33 Del Puerto Creek at Vineyard Road .--

34 San Joaqui~, River near Gmyson 1,020 7.7 8.4 220 2.0 -- 1.5
--~.-- ,. "53 85 82 31 32 -- 13
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Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit--Continued

Phosphorus, Carbon, / Sediment,Site Nitrogen, Phosphorus, dic~olved,
organic,(Ch~.lorophyll suspended

Sediment,No. Site name total, as N total, as P ortho- suspended(fig. total "~g/L) (percent
18)

(mg/L) (rag/L) phosphate,
as P (mg/t.) (rag/L) <0.062 ram) (rag/L)

18 Camp 13 SloughnearOroLoma 10.7 0.19 0.04 7.5 -- -- 117
32 50 34 30 -- -- 38

19 Salt Sl(~ugh near St¢vinson 4.4 0.27 0.ll 8.9 7.8 95 144
104 119 118 71 43 50 66

20 San JoaquinRiver at Fremont Ford 2.6 0.28 0.11 " 8.i 11 94 95
Bridge 115 130 126 60 49 46 88

21 Mud Slough near Gustine 4.2 0.29 .0.13 11 9.2 97 130
94 . 97 91 67 43 51 51

22 Merced River at Happy Isles Bridge 0.25 0.01 0.01 2.1 -- 51 2
116 150 74 33 -- 29 91

23 Merced River near Bficeberg 0.16 0.02 0.01 1.6 -- -- 2
25 34 29 7 -- -- 7

24 Merced River below Merced Falls 0.18 0.01 0.01
8 21 14

25 Merced River at Mill[ken Bridge 1.0 0.06 0.03 -- -- -- 10
73 84 84 -- -- -- 27

26 Mereed River near Stevinson 1.9 0.08 0.05 2.9 1.4 84 21
57 57 57 42 51 45 50

27 San Joaquin River nea~. Newman 3.1 0.26 0.13 6.8 9.7 91 103
53 54 55 41 50 45 45

28 Orestimba Creekat Highway 33 -- 0.20 0.08
-- 15 14 ....

29 Orestimba Creek at River Road ...... 261
-- ~ --

30 Spanish Grant Combined Drain ...... 154
--+ ...... 15

31 San Joaquin River near Patterson 3.4       0.38.// 0.21       " 7.4      11        97 79
65 79 79 42 49 47 53

32 Olive Avenue Drain ...... 238

33 I~l Puerto Creek at V’meyard Road ...... 134

34 San Joaquin River n.ear Grayson 2.8 0.46 0.19 -- -- -- 85
-’-’-,.-.. 13 ". 26 26 -- -- -- IO
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¯ ¯SLI JECT TO REVISION
Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit--Continued

Nitrogen, Nitrogen,Site Specific Oxygen, Hardness, Nitrate, ammonla,
Kjeldahl,. total, dissolved, dissolved, total, as N

No. Site name conduct- pH dissolved
(fig. ance as CaCO3 as N as N
18) (~tS/cm) (mg/L) (mg/L) (rag/L) (mg/l.) (mg/L)

35 Gmyson Road Drain ...... ..--

36 Tuolumne River at Tuolunme -- 7.3 9.2 5 <0.10 -- --
Meadows -- 6 34 28 30 ~ --

37 Tuolumne River at LaGrange 42 7.0 10.2 18 <0.10 -- 0.10
Bridge 44 81 77 43 74 ~ 26

38 Tuolumne River at Modesto 171 7.5 10.0 53 0o60 0.05 0.10.
51 51 49 50 50 50 50

39 Taolumne River at Tuolume City 269 7.3 9.3 75 0.76 0.02 0.50
69 127 127 50 77 19 50

40 Ingram Creek at River Road ...... 0.32

41 Hospital Creek at River Road

42 San Joaquin River at Maze Road 878 7.8 8.4 190 1.8 0.13 --
106 139 136 84 88 55 --

43 Stanislaus River Middle Fork at 44 7.3 9.7 18 <0.10 ~ 1.3
Dardanelle 35 46 42 33 28 -- 69

44 Stardslaus River below Goodwin ~ 7.4 10.8 28 <0.10 -- 0.10
Dam -- 12 35 32 37 ~ 30

45 Stanislaus River at Ripon 91 7.6 9.6 37 0.25 0.03 0.20
51 51 50 50 50 50 6

46 Stardslaus River at Ko~etitz Ranch 113 7.4 9.5 53 0.49 0.03 0.40
75 119 119 57 71 21 50

47 San Joaquin River near Vemalis 679 7.7 8.7 150 1.2 0.07 0.34
431 555 551 233 558 352 46

48 MokelumeRivernearMokelumne. " 35 7.3 10.6 12 <0.10 ~ 0.88
Hill 41 44 ~ 44 41 25 -- 502

49 Mokelumne River at Woodbridge 47 7.2 10.0 !7 0.10 0.03 0.11
185 188 152 115 132 54 31
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Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit--Continued

Phosphorus,
Carbon, / Sediment,Site Nitrogen, Phosphorus, dissolved, organic, ~Ch.Llorophyll suspended Sediment,No. Site name total, as N total, as P ortho- ~J- ~,g/L~ (percent suspended(fig. total

18)
(mg/L) (mg/L) phosphate, !~P , " (mg/L)

as P (m~t.) (mg/L) <0.062 mm)

-- -- ~ 79035 Grayson Road Drain -- .... -- --
__ __ 24-

36 Tuoltmme River at Tuolurane 0.13 0.01 0.01 1.1 -- -- --
Meadows 2~ 23

37 Tuolumn¢ River at LaGrang¢ 0.21 0.01 0.01 1.8 -- -- 2~
Bridge 53 64 25 I3 -- --

38 Taolumne River at Modesto 1.2 0.05 0.03 2.2 1.1 86 11
50 50 50 39 47 39 40

39 Tuolumne River at Tuolumne City 1.0 0.09 0.04 3.2 -- -- 13
53 69 61 20 -- -- 36

40 Ingrain Creek at River Road ...... 650

41 Hospital Creek at River Road ...... 460

42 San Joaquin River at Maze Road 3.2 .33 .16 6.1 7.6 90 94
69 84 84 38 49 48 59 ~

43 Stanisla~s River Middle Fork at 0.11 0.02 0.01 1.0 -- -- 4
Dardanelle 32 44 26 8 -- -- 10

44 Stanislaus River below Goodwin 0.23 0.01 0.01 ....
Dam 6 23 18 .....

45 Stanislans River at Ripon 0.69 0.05 0.03 2.4 1.1 67 20
. 50 50 50 3~ 49 46 48

46 Stanislaus River at Koetitz Ranch 0.82 0.08 0.03 3.3 -- -- 17
46 64 63 21 -- -- 27

47 San Joaquin River near Vemalis 2.2 0.24 0.11 5.2 5.8 88 77
501 480 362 131 50 272 3,503

48 Mokelumne River near Mokelunme 0~13 0.02 0.01 2.1 -- -- 2
I-Yfll 32 29 :~ .:. 9 10 -- -- 10

49 Mokehmme River at Woodbridge 0.37 0.02 0.01 2.3 -- 81 6
125 142 59 43 -- 88 112
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SgBIECT TO REVISION  P NAT ON
75b~ percentile

10b~ percenUle
- - ¯ RepoSing level

Number of samples
97 148    161    108    57    54    81    50    88    50 558

10 Nitr~tez                                                                      A

,’-u)
~ t,r" mr

16     19 20 21 26 27 31 38 42 45     47
Site number

Number of samples
52     81      77     81     53     54     51      50     55     50    360

z 1 kmmonia B

AB E : 2
CD

o.o -                       -                           -
o                                         ~                          ~               HI

O =m ~ . ~                                                        -

0.~1
16 19     20     21 26     27 31 38 42 ~     47

Site number

~gu~ 29. N~dent and suspended sediment concentrations in the San Joaquin River, California, and its most signifi~nt inputs,
972-1990. Le~em on bo~lots refer to results of Tuke~s test on ranks (table 7). See table 6 for complete site names and figure

19 for s~e I~a~ons. Designatisn of (~ or (E) after some sites refem to whether it is a west side (~ or east side (E) input.
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Orthophosphate concentration, in milligrams per liter, as P Total nitrogen concentration, in milligrams per liter,

~ ~ ~ ~nJoaq~InRiver
n~r Step.on near Stevmson

~R S~gh ~ ~ = = Salt Slough
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Mud Slough ~
~

~ ~ Mud Slough

~an ~oaquln RNer~                           ~ ~ ~ ~ San ~quln River

n~r San ~quln Rlver ~a~e,~n                                 ~ near ~atterso~

Tu,olum~Tuolum~ River (~                                    o River (E)

at M~eR~d
~ at M~eR~dSan Joaaul,n River ~ ~ San Joaauln River

Stanlslaus R~er (E) ~ ~ ~ Stanlslaus
. River (E)

near ve~=s ~ ~          ~
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SUBJECT TO REVISION EXPLANATION
75~h percentge

I~ ~n~le
Number of

~ 86 119 130 97 57 54 79 50 ~ 50 ~0
~ 1 : To~ phospho~

~ E

-

0.01
~,       16 ~9 20 21 26 27 31 38 42 ~ 47

Site number

Number of

5,0~ 49 66
88 51 50 45 24 15 53 16 24 24

100

1
16 19 20 21 26 27 29 30 31 32 33’ 35 38 40 41 42 ~ 47

Site number

29, Continued.
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SLIBJE JT TO ffEVISiON
concentrations of nitrate, total phosphorus, suspendedRELATION OF NUTRIENT AND
sediment, and other constituents. Drainage areasSUSPENDED SEDIMENT
generally are.from 1,000 to 3,000 mi2. A site classifiedCONCENTRATIONS TO STREAMFLOW
as agricultural has more than 40 percent area in crop or
pasture, less than 40 percent in forest, and less than 10A good relation of nutrient and suspended

sediment concentrations to streamflow is essential to
percent urban. A site classified as forest has more thanload calculations. The eight representative sites from
40 percent forest land, less than 40 percent in crop orthe section "Stream_flow at Time of Water Quality
pasture, and less than 10 percent urban. Sampling" are used again. These sites include: (1) three

The nutrient and suspended sediment concen-Sierra Nevada sites (see table 6; fig. 18), Kings River
trations at valley Sites (fig. 27) represent primarilybelow North Fork, near Trimmer (site 4), Tule River
agricultural land use. The west side sites have below Success Dam (site 8), and Merced River at
considerably smaller drainage areas than the nationalHappy Isles Bridge (site 22); (2) two valley east side

sites and the east side sites do not s.tricfly meet thesites, Tuoltmane River at Modesto (site 38), and
Mokelunme River at Woodbridge (site 49); (3) one

land-use criteria of the national sites. However, theval.ley west side site, Mud Slough near Gustine (site
major reservoirs and diversio.ns from these east side21); and (4) two sites on the mainstem of the San
tributaries as they enter the valley floor make the eastJoaquin River, San Joaquin River near Newman (site
side sites basically agricultural sites. To provide a27) and San Joaquin River near Vernalis (site 47). For
rough comparison of concentrations in the study unit toeach of these eight sites, we will discuss the relation
national conditions, the valley sites (both east and westbetween streamflow and concentrations of nitrate, total
sides) (fig. 27) were merged into composite boxplots ofphosphorus, and suspended sediment.

nitrate, total phosphorus, and suspended sediment
Nitrate concentrations in unmanaged streams

concentrations (fig. 30). The median values for thetypically decrease with increasing streamflow, as the

10th, 25th, 50th, 75th, and 90th percentiles at valleybase flow is diluted (fig. 31). However, nitrate
concentrations did not vary much with streamflow at

west side and valley east side sites (fig. 27) were usedthe three Sierra Nevada sites (fig. 31A, B, and E) or one
to create composite boxplots to represent agriculturalof the valley east side sites (Mokelumne River at
land in the study unit (fig. 30). The same was done forWoodbridge [site 49; fig. 31G]). At the other valley
the Sierra Nevada sites to represent forest land in theeast side site (Tuolunme River at Modesto [site 38; fig.
study unit. Urban and range land uses are not 31C]), the concentration generally decreased with
represented by study unit sites, increasing streamflow. This probably is because of

A comparison of concentrations of nitrate, totalincreasing dilution of agricultural return flows with
Sierra Nevada runoff. The exceptions to the generalphosphorus, and suspended sediment in the study area

to national average concentrations for agriculturaltrend in figure 31C were samples collected during the
low-flow summer of 1988. At the valley west side siteareas is shown in figure 30A. None of the concert-
(Mud Slough near Gustine [site 21; fig. 31F]), nitrate

tmtions are substantially different from the nationalconcentration generally increased with streamflow.
averages. Nitrate concentrations are slightly higher,This general trend probably is because of an increasing
total phosphorus and suspended sediment concentra-proportion of agricultural drainage as it is added to a
tions are slighdy lower than the national averages. For .~.. base flow of ground water seepage. At higher flows,
all three constituents, the west side concentrations are" there is some natural runoff to this site from the Coast
higher than the national averages, and the east sideRanges, which dilutes the agricultural drainage in Mud

concentrations are lower. Slough. Samples collected dtidng the high flow period

The forested areas of the study unit are in theof February through April 1986 were exceptions to the

granitic Sierra Nevada and have extensive bedrock and
general trend in figure 31E

The San Joaquin River near Newman site (site
thin soils. Runoff from these areas is low in nutrients27) has the common inverse relation between nitrate
and suspended sediment, and concentrations are concentration and streamflow (fig. 31D). Flows at this
substantially lower than the national averages site come from the Merced River, Salt and Mud
(fig. 30B). Sloughs, and the San Joaquin River upstream of the
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! Agricultural areas Forest areas
-", 10 1,000 10 I ~O

~. l.~--Median
5 ~ ~ ~5~ ~nu~e 500 5 )0

2 200 2 )0

1 100 1 10

0.5 50 0.5 )

0.2 2o 0.2

0.1 lO o.1

o.o 5 0.05

0.02 2 0.02
-

O

0.01                                             1    0.01
N~rats To~al Susl~nded . Nitrate Total Suspendc~:l

phosphorus sediment ’~ .-" phosphorus sediment

Rgum ~. ~x~mpafison of nitrate, total phosphorus, and suspended sediment concentrations, San Joaquin-Tulare Basins,
California, study unit, to national sites, 1993 National Water Summary. (A) Agricultural areas. (B) Forest areas.

sloughs. At higl~er streamflows, proportionately more1,000 ft3/s, the common inverse relation holds.
flow comes from the Mereed River, diluting flows from Increases in streamflow above 1,000 ft3/s generally

the sloughs that are dominated by agricultural come from the east side tributaries, which have low
drainage, nitrate concentrations. At flows less than 1,000 ft3/s,

At the Vemali~;ite (site 47), the relation is more concentrations increase with streamflow due to two

complex (fig. 31H). For flows greater than about factors: (1) water quality at Vemalis is maintained by
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Figure 31. Relation between stre~mflow and nitrate concentrations at selected sites in San Joaquin-Tulare Basins, California,
study unit, 1972-1990. See figure -~B for site locations. ’
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iO REVISION
releases of water with low nutrient concentrations from The relation between suspended sediment and
the New Melones Reservoir on the Stanislaus Riverstreamflows at the two San Joaquin River sites (near
(site 24, fig. 6; table 1) to meet water quality criteria forNewman [site 27] and near Vernalis [site 47]) is not
specific conductance, and (2) major diversions fromtypical (fig. 33D and H). Higher streamflows at these
the San Joaquin River upstream of the Tuolumne Riversites usually indicate more highly concentrated inflows
remove most of the river flow during low-flow periodsfrom the west side and more diluting streamflows from
leaving primarily water from the Tuolumne and east side tributaries. Because the east side tributaries
Stanislaus Rivers (Kratzer and Grober, 1991). Bothcontribute more streamflow, the overall effect on San
factors reduce the effect of west side agricultural Joaquin River suspended sediment concentrations is a
drainage at Vernalis. slight decrease in concentration with increasing

Total phosphorus concentrations in unmanagedstrearnflow.

streams usually are fairly constant or increase slightly
with increasing streamflow, depending on the amount
of total phosphorus attached to suspended sediment. InLOAD ESTIMATES
general, the relation between total phosphorus and
streamflow at the eight representative sites (fig. 32)Annual Stream Loads
was similar to the relation for nitrate. The main Annual stream loads were estimated using
difference is the steepness of the curves for Mud ESTIMATOR (version 92.11). The program requires
Slough (figs. 31F and 32F) and the San Joaquin Riverdaily flow records and enough water quality data to
sites (fig. 31 D and H; fig. 32 D and H). Unlike nitrate,develop a quantitative relation between flows and
total phosphorus concentrations in subsurface constituent concentrations. The standard error of the
agricultural drains are low, and the curves are less steepestimated load is calculated to evaluate the accuracy of
because of relatively lower concentrations of totalthe .estimate. In this study, estimates with a standard
phosphorus in wegt side agricultural discharges, error of less than 30 percent were accepted as

Suspended sediment concentrations in streamsreasonable. For standard error between 30 and 50
typically increase with streamflow, as higher streampercent, the estimates are marked as questionable;
velocities dislodge bottom materials and are capable ofestimates with standard error greater than 50 percent
suspending larger-size sediment (fig. 33). This is are not reported. The standard error of prediction
shown at the Sierra Nevada sites on the Kings andallows the calculation oi’ a 95-percent confidence
Merced Rivers (fig. 33A and B). The higher concen-interval for the load estimates.
trations on the Kings River appear to be primarily due The water quality data used to calculate loads at
to higher streamflows, because the concentration atseveral sites were collected during USGS studies on
both sites increases at streamflows above 1,000 ft3/s,the San Joaquin River during 1986-1988. Reasonable
The relation at the third Sierra Nevada site (Tule Riverload estimates are reported for 23 sites in the study unit
below Success Dam [site 8], fig. 33E) is affected by thefor nitrate, 15 sites for total nitrogen, 20 sites for total
reservoir just upstream of the site, because suspendedphosphorus, and 14 sites for suspended sediment
sediment settles in the reservoir and alters the typical(~a~_bblg.~9.~. The water quality data for 14 of the sites for
relation, all constituents are primarily from NWIS. The

All suspended sediment samp!es at the valleystrearnflow data used in the load calculations are
west side site (Mud Slough near Gustine [site 21]; fig.entirely from NWIS..
33F) and one valley east side site (TUolumne Rivet at Along with the load estimates, the percent
Modesto [site 38]; fig. 33C) were collected during standard error and the 95-percent confidence interval
1985-1988. This was primarily a period of low are given in table 9. Except for Salt Slough at Stevinson
streamflow except during spring 1986, when high (site 19), all inputs to the lower San Joaquin River were
streamflows produced higher suspended sedimentgreatest during 1986. The flows at the Salt Slough near
concenu’ations. The other valley east side site Stevinson and Mud Slough near Gustine sites (sites 19
(Mokelurrme River at Woodbridge [site 49]; fig. 33G)and 21, respectively) are primarily irrigation derived;
displayed a rapid increase in suspended sedimentdrainage flows can be routed through either slough
concentration at streamfl.ows greater than 1~000 ft3/s,because the sloughs are interconnected. This
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Rgure 32. Relation between streamflow and total phosphorus concentrations at selected sites in San Joaquin-Tulare
Basins, CaJifomia, study unit, 1"972-1990. See figure 18 for site locations.
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Rgum ~. Relation be~een streamflow and suspended s~iment concentrations at selected sites in San Joaquin-Tulare
B~ins, Cai~0mia, study unit, 1972-1990. See figure 18 for site locations.
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SLJB,JECT TO REVISION
Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin-Tulare Basins,
California, study unit, 1986-1988

[ft3/s, cubic foot per second; torgyr, ton per year; --, no data]

Site Standard error Load,
Water

Mean dally Load of load 95-percentno. Site name streamfiow
(fig. year

(ft3/s)
(ton/yr) estimate confidence interval

18) (percent) (ton/yr)

Lower San Joaquin River Basin
16 San Joaquin River near Stevinson           1986       1,824,         231          26          108 - 354

1987 70.6 34 18 20 - 47
1988 27.5 12 22 6.3 - 18

19 Salt Slough near Stevinson 1986 272.7 860 7.2 731 - 989
1987 265.3 1,155 5.7 1,012- 1,298
1988 264.5 1,393 6.3 1,207 - 1,579

20 San Joaquin River at Fremont Ford Bridge1986 2,273 954 8.8 782 - 1,126
1987 342.6 1,059 8.5 875- 1,243
1988 288.8 1,270 8.9 1,039 - 1,501

21 Mud Slough near Gustine 1986 119.6 11,048 36 210- 1,886
1987 57.7 324 28 116 - 532
1988          53.0       1335           34           78 - 592

~ 26 Merced River near Stevinson 1986 860.9 372 4.8 335 - 409
i 1987 219.8 300 4.2 273 - 3"27

1988 152.2 219 6.5 190 - 248

. 27 San Joaquin River near Newman 1986 3,294 2,012 5.7 1,776 - 2,248
: 1987 673.1 1,521 6.6 1,317- 1,725
-’.: 1988 546.9 1,587 7.5- 1,347 - 1,827

".. 31 San Joaquin River near Patterson 1986 3,697 2,756 4.5 2,505 - 3,007
1 1987 911.5 2,352 4.7 2,127 - 2,577

1988 758.1 2,216 7.1 1,859 - 2,573

~ 38 Tuolumne River at Modesto 1986 1,843 370 7.2 316 - 424
1987 721.8 344 8.2 288 - 400
1988         215.0        146           9.5         118 - 174

42 San Joaquin River at Maze Road 1986 6,016 4,446 8.9 3,638 - 5,254
1987 1,820 3,259 9.8 2,614 - 3,904
1988 1,063 3,036 16 1,967 - 4,105

’ 45 Stanislaus River at Ripon 1986 ’ 1,336 318 4.6 288 - 34.8
1987 ../,/734.5 213 5.7 188- 238
1988 599.5 144 6.5 125- 163

47 San Joaquin River near Vernalis 1986 7,220 4,523 3.8 4,135 - 4,911
1987 2,505 3,671 3.6 ~ 3,367.- 3.,975
1988 1,609 2,868 4.2 2,601 - 3,135

Other San Joaquln Basin
13 San Joaquin River below Friant Dam         1986 ¯    1,346

1987 92.4 9.2 25 4.6- 14
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suB. ECT TO
Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin-Tulare Basins,
California, study unit, 19B6-I 9BS--Continued

Site Standard error Load,
no, Site name Water Mean dally Load of load 95--percentstmamflow(fig. year

(it~/s)
(tonh/r) e~lmate confidence Interval

18) (percent) (ton/yr)
22, Merced River at Happy Isles laridg¢ 1986 539.0 23 24 11 - 34

1987 158.5 7.6 25 3.6- 12
1988 207.5 10 28 4.4- 16

24 Merced River below Merced Falls 1986 1,488 62 24 31 - 93
1987 ’ 893.7 30 26 ’ 15- 46

(
~’~, ~ t ~" (~b,| ~-~Vt/"

1988 707.4 25 25 13-38

43 pMiddle Fork at Dardanelle 1986 188.2 z4.6 32 1.6 - 7.6
/| 1987 65.1 Zl.4 32 0.5 - 2.3

1988 66.7 ;1.2 35 0.4- 2.1

44 Stanislaus River below Goodwin Dam 1986 1,184 ;113 32 41 - 185
1987 619.4 58 16 39 - 78
1988 561.7 48 15 33 - 63

48 Mokelumne River near Mokeltmme Hill I986 1,647 ;29 45 3.I - 55
1987 447.3 18.5 43 1.4-16
1988 323.3 16.0 47 0.4 - 12

49 Mokelumne River at Woodbridge            1986 1,117 159 31 21 - 97
1987 215.7 ~7 27 7.2- 26
1988 31.7 12.2 33 0.7 - 3.7

Talare Basin
1 Kern River at Kemville 1986 1,577         157 49 1.2-112

1987 458.8 ~ ~ --
1988 362.5

4 Kings River below Nor~h Fork, near         1986 3,553 143 21 80-206
- Trimmer 1987 823.2 39 19 23 - 56

1988 855.9 39 22 20 - 58

5 Kings River below Pine Flat Dam 1986 3,853 1307 42 45- 569
1987 1,687 1209 49 3.0 - 415
1988 1,234

8 Tale River below Success Dam 1986 313.4 1100 37 22-178
1987 89.8 124 30 8.5 - 40
1988 48.0 ~18 40 1.8 - 34

10 Kaweah River below Terminus Dam 1.9.86~. 1,103 ~50 35 15 - 85
1987 232.9 9.9 28 4.1 - 16
1988 236.3 18.8 34 2.7 - 15

TOTAL NITROGEN

Lower San 3oaquin River Basin
16 San Joaquin River near Stevinson           1986       1,824       ’ 1,196          13         874- 1,518

1987 70.6 148 9.9 72 - 224
1988 27.5 68 13 55 - 81
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S BJECT I0  EV SION
Tabte 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin-Tulare Basins,
California, study unit, 1986--1988--Continued

Site Standard error Load,
Water Mean dally Load of load 95--percentno. Site name streamflow(fig. year

(ft3/s)
(tordyr) estimate confidence Interval

18) (percent) (ton/yr)
19 Salt Slough near Stevinson 1986 272.7 1,295 6.1 1,133 - 1,457

1987 265.3 1,604 5.5 1,420- 1,788
1988 264.5 1,776 6.3 1,547 - 2,005

20 San Joaq~in River at Fremont Ford Bridge 1986 2,273 2,664 8.9 2,177 - 3,151
1987 342.6 1,490 8.0 1,247- 1,733
1988 288.8 1,809 9.2 1,474 - 2,144

21 Mud Slough near Gustine 1986 119.6 793" 14 557 - 1,029
1987 57.7 328 11 252 -404
1988 53.0 - 275 13 200 - 350

26 Merged River near Stevinson 1986 860.9 810 5.4 722- 898
1987 219.8 454 3.9 417 - 491
1988 152.2 324 6.0 284 - 364

27 San Joaquin River near Newman 1986 3,294 4,827 6.4 4,189 - 5,465
1987 673.1 2,371 6.3 2,067 - 2,675
1988 546.9 2,221 7.5 1,885 - 2,557

31 San Jo~quin River near Patterson 1986 3,697 6,420 6.6 5,560- 7,280
1987 911.5 3,820 6.7 3,305-4,335"
1988 758.1 3,440 10 2,653 - 4,227

38 Tuolum~= River at Modesto 1986 1,843 1,147 7.6 968 - 1,326
1987 721.8 726 7.9 609 - 843
1988 215.0 277 9.1 226 - 328

42 San Joaquin River at biaz~ Road 1986 6,016 9,483 7.3 8,069 - 10,897
1987 1,820 5,690 7.7 4,811 - 6,569
1988 1,063 4,472 12 3,271 - 5,673

45 Stanislaus River at Ripon 1986 1,336 1,085 11 838 - L332
1987 734.5 605 11 473 - 737
1988 599.5 389 12 294- 484

47, San Joaquin River near Vemalis 1986 7,220 9,594 3.0 8,897 - 10,291
1987 2,505 6,006 2.3 5,644 - 6,368
1988 ’ 1,609 4,492 2.7 4,199 - 4,785

¯ Other San Joaquin Basin
22 Merest River at Happy Isles Bridge          1986    :- : 539.0      ¯ 274          20         154- 394

1987 158.5 74 18 42-106
1988 207.5 98 20 55 - 141

43 Stanislaus River Middle Fork at Dardanelle1986 188.2 133 30 13 - 53
1987 (~5.1 .17.9 30 33 -- 12.8
1988 66.7 18.5 34 2.7 - 14.3

,Talare Basin
1 K~m River at Kemville                   19861,577 873 16 584-1,162

___ 19,87 458.8 171 11 131 - 211
..... "" 1988. 362.5 115 12 85- 145

Load Estimates 67

D--040003
D-040005



Table 9. N~tmte, total nitrogen, total phosphorus, and sus~nd~ sediment load estimates in S~ Joaquin-Tulam B~lns,
Cal~omi~ study unit, 198~198~ontinued

S~ ~da~ e~r ~d,
n~ S~ name Wmr Mean dally ~d ~ I~d ~nt~amfiow
(fl~ year (to~r) e~mm ~flden~ I~al
18) (~ls) ~ent) (~r)

4 ~gs ~ver ~low No~ For~ n¢~ 1986 3,553 2,~0 19 1,295 - 2,885
T~¢r 1987 8~.2 352 12 ~8 - ~

1988 855.9 345 13 ~7 - ~3

TOTAL PHOSPHORUS

Lower San 3oaquin River Basin
16 San Joaquin River near Stvvinson           1986       1,824         260          18          165 - 355

1987 70.6 27 12 20 - 34
1988 27.5 14 14 10-18

19 Salt Slough near Stcvinson 1986 272.7 94 5.9 83 - 105
1987 265.3 75 4.5 68 - 82
1988 264.5 73 5.2 65 - 81

20 San Joaquin River at Fremont Ford Bridge1986 2,273 459 11 357-561
1987 342.6 96 7.5 81 - 111
1988 288.8 82 7.9 69 - 95

21 Mud Slough near Gustinv 1986 119.6 47 9.1 38 - 56
1987 57.7 19 7.0 16 - 22
1988 53.0 15 8.5 12- 18

26 Merced River near Stevimon 1986 860.9 85 17 55 - 115
1987 219.8 25 9.4 20- 30
1988 152.2 18 14 13 - 23

27 San Joaquin River near Newma~z 1986 3,294 700 10 551 - 849
1987 673.1 184 8.5 152- 216
1988 546.9 182 10 146- 218

31 San Joaqttia River near Patterson           1986 3,697 937 8.3 779 - 1,095
1987 911.5 379 7.0 325 -433
1988 758.1 323 11 245 - 401

38, Tuoltmme River at Modesto 1986 1,843 141 19 86-196
1987 721.8 32 15 22 - 42
1988 215.0 17 19 10-25 ~

42 San Joaquin River at Maze Road           ’ 1986 6,016 1,343 8 1,117- 1,569
. 1987 1,820 512 7.2 437 - 587

19~8 1,063 394 11 294 - 494

45 Stanislans River at Ripen 1986 1,336 156 21 88 - 224
1987 734.5 50 15 34 - 66
1988 599.5 26 17 ’ 17- 35

47 San Joaquin River near Vemalis 1986 7,220 1,270 5.7 1,109 - 1,431
1987 2,505 657 4.5 590 - 724
1988 1,609 457 5.3 404 - 510
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin-Tulare Basins,
California, study, unit, 1986-1988---Continued

Site Mean daily Standard error Load,
~ no. Site name Water ~mmmflow Load of load 95--percent
(fig. year

(ft~ls)
(ton/yr) eMJmata confidence interval

18) (l::mrcent) (ton/yr)
Other San 3oaquin Basin

13 San Joaquin River below Friant Dam 1986 1,346 . 152 36 15 - 89
1987 92.4 5.0 16 3.4 - 6.6
1988 109.8 6.6 14 4.8 - 8.4

22 M~rced River at Happy Isles Bridge 1986 539.0 9.8 18 5.9 - 13.7
1987 158.5 2.5 18 1.5 - 3.5
1988 207.5 3.2 20 1.8 - 4.6

24 Merced River below Merced Falls 1986 11488 20 !9 ¯ 12- 28
1987 893.7 11 17 7-15
1988 707.4 8.1 17 5.3 - 10.9

37 Tuolumne River at LaGrange.Bfidge 1986 1.566 22 16 15 - 29
1987 391.4 5.7 14 4.1 - 7.3
1988 107.2 1.5 15 1.0- 2.0

43 Stanislaus River Middle Fork at DardaneIle1986 188.2 6.1 21 3.4- 8.8
1987 65.1 1.4 21 0.8 - 2.0
1988 66.7 !.2 23 0.6 - 1.8

44 Stanislaas River below Goodwin Dam 1986 1,184 113 31 5 - 21
1987 619.4 8.7 16 6.0-11.4
1988 561.7 7.2 13 5.2 - 9.2

49 Mok~lmnne River at Woodbridge 1986 1,117 48 20 27-69
1987 215.7 7.4 14 5.1 - 9.7
1988 31.7 1.2 15 0.8 - 1.6

Talare Basis
1 Kcm Rive~ at Kemville 1986 1,577 67 23 35-99

1987 458.8 6.9 15 4.7 -9.1
1988 362.5 4.6 16 3.0 - 6.2

4 Kings River below North Fork, near          1986 3,553 145 26 65 - 225
Trimmer 1987 823.2 15 16 9 - 21

1988 855.9 15 17 9 - 21

SUSPENDED SEDIMENT

Lower San J.oaquin River Basin
16 San Joaquin River near Stevinson          " 1986      : 1,824      172,778          29       68,390-277,166

1987 70.6 6,662 21 3,727 - 9,597
1988 27.5 1,382 27 635 - 2,129

19 Salt Slough near Stevinson 1986 272.7 46,135 16 30,810 = 61,460
1987 265.3 48,485 17 32,110- 64,860
"1988 264.5 56,226 ’ 19 34,446- 78,006

21 Mud Slough near Gustine                 1986 119.6 24,988 15 17,363 - 32,613
--,, 1987. 57.7 9,786 13 7,200-12,372

-~" ’" 1988" 53.0 5,047 17 3,351 - 6,743
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SUBJECT TO RF.V S 0N
Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin-Tulare Basins,
Califomia, study unit, 1986-1988--Continued

Site Standard error Load,
no. Site name Water Mean dally Load of load 95-percentstrssmflow(fig. year

(ft~/s)
(tordyr) estimate confidence Interval

18) (percent) (ton/yr)
26 Merced River near Stevinson 1986 860.9 47,969 23 26,300- 69,638

1987 219.8 5,227 7.8 4,355 - 6,099
1988 152.2 3,140 12 2,349 - 3,931

27 San Joaquin River near Newman 1986 3,294 283,988 13 208,791 - 359,185
1987 - 673.1 73,593 11 57,250- 89,935
1988 546.9 69,415 14 49,918 - 88,912

31 San Joaquin River near Patterson 1986 3,697 397,777 16 268,225-527,329
1987 911.5 90,420 11 70,520-110.320
1988 758.1 74,663 " 20 40,770-108,556

38 Tuolumne River at Modesto 1986 1,843 It~75"324 32 27,243 - 123,405
1987 721.8 8,294 16 5,547 - 11,041

42 San Joaquin River at 1986 " 6,016 621,597 15 429,622- 813,572
1987 i,820 187,810’ 13 137,215 - 238,405
1988 1,063 131,101 21 68,461 - 193,753

45 Stanislaus River at Ripen 1986 1,336 ¯ 36,864 10 29,333 - 44,395
1987 734.5 17,298 7.9 14,517 - 20,079
1988 599.5 11,533 11 9,086 - 13,980

47 San Joaquin River near Vernalis2 1986 7,220 569,064
1987 2,505 168,599
1988 1,609 114,016 ~ --

Other San 3oaquin Basin
22 Merced River at Happy Isles Bridge          1986        539.0      3,072          16        2,002- 4,142

1987 158.5 546 13 338 -704
1988 207.5 657 14 466 - 848

49 Mol~elumue River at Woodbridge 1986 1,117 40,583 21 22,667 --58,499
1987. 215.7 .2,698 13 1,919-3,477
1988         31.7        654          15         574- 734

Ttflare Basin :
1 Kea~ River at Kemville 1986 1,577 193,128. 25 89,042- 297,214

1987 458.8 3,731 13 2,652 - 4,810
1988 362.5 .2,359 14 1,628 - 3,090

4 Kings River below North Fork, near 1986 3,553 -- --
Trimmer 1987 823.2 t8,622 !~33 712-16,532

1988 855.9 t 7,636 /d36 403 - 14,869

tQuestionable load estimates (standard error is 30 to 50 percent).
2Suspended sediment loads for San Joaquin River near Vemalis were calculated in National Water Information System (NWIS), not by

ESTIMATOR (a load calculation program).
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S J JECT TO ffEV SiON
interconnection, along with Mud Slough’s drainageThe total phosphorus loads in the lower San Joaquin
basin in the normally dry Coast Ranges, accounts forRiver system am~ shown schematically in figure 36. The
the load variation in the sloughs during 1986-1988.1986 load in the San Joaquin River near Vernalis (site

Although Salt and Mud Sloughs account for only47, table 9) was almost three times greater than the
about 10 percent of flow at Vernalis (Kratzer and 1988 load. The 1986 load at the upstream boundary site
others, 1987), they contribute nearly half of the nitrateat Stevinson (site 16) was greater than the load from
load. Nitrate loads carried by other rivers in the studyMud and Salt Sloughs combined (sites 19 and 21).
unit are small relative to the lower San Joaquin River. As previously mentioned, suspended sediment
Nitrate loads in the Kings, Merced, and Stanislausloads increase more with streamflow than do nutrient
,Rivers increase greatly between the Sierra Nevada andloads. As a result of the greater influence of streamflow
the valley (table 9). on suspended sediment concentrations, the 1986 load

Nitrate loads in the lower San Joaquin River fornear Vemalis was almost five times greater than in
1986 and 1988 are presented schematically in~igure 34 "1988 (site 47, table 9). The suspended sediment loads
using the estimates for 11 of the sites given in table 9.in the lower San Joaquin River system are shown in
The schematic shows the difference between loads~.fi~.3,~. The load at Stevinson (site 16) was high in
during a wet year (1986) and a critically dry year 1986. As with nitrogen loads, the suspended se .dhnent
(1988). The nitrate load in the lower San Joaquin Riverload at Salt Slough (site 19) was smaller in 1986 than
near Vemalis during 1986 was more than 50 percentin 1988.
greater than the load during 1988 (fig. 34 and table 9). The load schematics for the lower San Joaquin
The difference between 1986 and 1988 was even River system (figs. 35-37) show only major inputs. As
greater for the Tulare Basin (sites 1, 4, 5, 8, and 10,discussed earlier in this report, several smaller inputs
table 9), Mokelumne River (sites 48 and 49), and Santhroughout the system contribute much of the
Joaquin River near Stevinson (site 16). The S.tevinsonunaccounted-f0r loads between San Joaquin River
site is the upstream boundary for the lower San Joaquinsites. Unaccounted-for nitrate, total nitrogen, total
River.In 1986, this site received rare, significant flowsphosphorus, and suspended sediment loads during
from the upper San Joaquin River and the Kings River.1986-1988 are summarized i~ table 10. These
Also, Bear Creek (fig. 34) contributed unusually highunaccounted-for loads represent between 22 and 68
flows to the Stevinson site, including wastewater percent of the difference in estimated loads between
Izeatment plant effluent from the city of Merced (fig. 1).Stevinson and Vemalis.
During dry periods, much of the streamflow in Bear Water year 1986 was a wet year, and water year
Creek is diverted by agricultural users and never 1988 was a critically dry year. To put the loads
reaches the San Joaquin River. discussed in this section into a long-term perspective,

The 1986 totalnitrogen load estimate at Kingsthe annual loads of nitrate, total nitrogen, total phos-
River below North Fork, near Trimmer (site 4, table 9)phorus, and suspended sexiiment at the San Joaquin
is surprisingly high for a Sierra Nevada site. LikeRiver near Vernalis site during 1972-1990 am shown
nitrate loads, total nitrogen loads for the Merced andin ~i~ir~.38~. The 1986 loads are in the first quartile
Stanislaus Rivers increase greatly between the Sierra(highest 25 percent) for nitrate, total nitrogen, and
Nevada and the valley. The total nitrogen loads in thesuspended sediment and the second highest quartile for
lower San Ioaquin River am shown schematically intotal phosphorus. The 1988 loads are in the third
figure 35: The general pattern is similar to nitrate, with,., quartile for nitrate, total nitrogen, and total phosphorus
the main differences being the relative load at the" and the fourth quartile for suspended sediment.
Stevinson site on the San Joaquin River (site 16)_ in The ratios of wet year loads (1986) to critically
1986 and the amount of variation between 1986 anddry year loads (1988) for nitrate, total nitrogen, total
1988. The total nitrogen load at Vernalis in 1986 wasphosphorus, and suspended sediment are a function of
about twice the 1988 load. The 1986 load at Stevinson.the relation of concentration to streamflow. Suspended
(site 16) was about equal to the load in Salt Slough (sitesediment concentrations increase with streamflow, and
19, table 9). the ratios of wet year to dry year loads increase as the

As with nitrate and total nitrogen loads, the totalproportions of constituents associated with the pattie-
phosphorus load in east sidetributaries increasesulate fraction increase. The particulate fractions of total
greatly from the Sierra Nevada to the valley (table 9).nitrogen and total phosphorus were calculated from the
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Spanish Grant

37° /
15’

~,,, ,’, ’, ," ?MILES
0      5 KILOMETERS

I
Figure 34. Annual nitrate loads in San doaquin-Tulare Basins, California, study unit, dudng wet year (1986) and critically dry
year (1988). See table 9 for-site names.
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Rgure 35. Annual total nitrogen loads in San Joaquin-Tulare Basins, California, study unit, during wet year (1986) and critically
dry year (1988). See table 9 for site names.
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SUB.~ECT TO REVISION
121°15’ 121= 00’

I I ’EXPLANATION
45’ ~" Annual total phosphorus Io~ds,

(~ in tons per year (as p)
\ i 5 ~ 1986 (wet year)

I--’1 1988 (cr~c~lly dry year)
of 1986 and 1988

unit boundary
16"e Site number and location

9 Turlock Irrigation Distr~ lateral
Spanish                                              .

6 Merced Ri~er

15’ 0 5 MILES
I ~ I ~ ,I , Ii    I    I0      5 KILOMETERS
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121°15’ 121° O0’

45’ ~ ~dim~nt
~ loads, in tons per year
\ ~ 1986 (wet year)

i--3 1988 (criUcally dry year)
~ Overlap of 1 986 and 1988

-- -- --Study unit boundary
16e Site numberand location

Spanish
Tudock Irrigation DisM~t lateral 5/.

~cO/"

37° /
15’ 0 5 MILES

0 5 KILOMETERS

I
Rgure 37. Annual suspended sedimer?.t.loads in San Joaquin-Tulare Basins, Califomia, study unit, dudng wet year (1986) and
critically dry year (1988). See table 9 for site names.
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Table 10. Nitrate, total nitrogen, total phosphorus, and suspended sediment loads in the lower San Joaquin Biver, California,
that are una~ounted for by inputs from major tribt.etades, 1986-’1988

1986 1987 1988

Unac- Change in Unac- Change in Unac.
Change in

Change load from Change . load from load from
In load counted. Change In counted. Stevinson

for load Stevinson toSan Joaquin River reach in for load
Stevinson in load countea-
to Vemalis in Vemalls load in for load to Vemaiis

reach1 within (unac- reach1 within (unac- reachI within
(unac-

(ton per reach= (ton per reach2
counted-for (ton per reach=

year) (ton per year) (ton per counted-for
year) in reach3) year) (ton per counted-fOrin reach3)

(percent) year) (percent) year) in reach3)
(percent)

Nitrate ’
St~vinson to Fremont Ford Bridge 723 -~136 -3 1,025 -129 -3 1,258 -136 -5
Fremont Ford Bridge to Newman 1,058 -362 -8 462 -163 -4 317 -237 -8
Newman to Patterson 744 744 17 831 831 23 629 629 22
Patterson to Mazg Road 1,690 1,319 31 907 562 15 820 674 ~,,..L

....~Maz~ Road to Vemalis ~ -240 --6 412 200 5 -168 -312

Total Nitrogen
Stevinson to Fremont Ford Bridge 1,468 172 2 1,342 -263 -5 1,741 -35 -1
Fremont Ford Bridge to Newman2,163 560 7 881 98 2 412 -187 -4
Newman to Patterson 1,593 1,593 19 1,449 1,449 25 1,219 1,219 27
Patmrson to Maz~ Road 3,063 1,916 23 1,870 1,144 20 1,032 755 17
Maz~ Road to Vemalis 111 ~ -12 ~ ~ ~ 20 -369 -8

Unac-
Cha-~’gein

Unac-
Change in

Onac-
Change in

Changein load counted- load from Change counted- Stevinsonl°ad frOmto Change in counted-
Stevinsoni°ad fromfor load Stevinson in load for load load in for loadVernalisSan Joaquin River reach in to Vemalis in within (unac- reach1 within to Vemallsreach1 within (unac- reach1 reach2 counted-for(ton per reach2 (ton per reach2 (unac-

year)
(ton per counted-for (ton per (ton per year) (ton per counted-for

in reach3)
year) in(percent) reach3) year) year) In (percent) reach3) year) (pereen                          t)/

~ _ ~-Pho-sphorus _
St~vinson to Fremont Ford Bridge 199 105 10 69 -7 -1 68 -5 -1
Fremont Ford Bridge to Newman 241 110 11 88 44 7 100 67 15
Newman to Paterson 236 236 23 195 195 31 141 141 32
Patterson to Maze Road 406 266 26 133 102 16 71 54 12
Maz~ Road to Vemalis -73 -228 -23 145 95 15 63 ~ 9

Suspended Sediment
Stevifison to Newman 111,210.-7,882 -2 66,93! 3,432 2 68,033 3,620 3
Newman to Patterson 113,789 113,789 29 16,827 16,828 10 5,248 5,248 5
Pa~rson to l~aze Road 223,820148,495 38.. 97,390 89,095 55 56,438 54,475 " 48
Maze Road to Vemalis ~ -89..~p~ -23 -19,211-36,508 -22 -17,085 -28,624 -25

~.1.~"~ Total--Stevinson to Vemalis 396,286 165,005~ 161,937~ ~ ~ 34,719 3"-’~

~For example, the change in load in the reach from Maze Road to Vemalis = San Joaquin near Vemalis load - San Joaquin River at !~laze
Road load.                                                                               -

2For example, the unaccotmt~d-for load in the reach from Maze Road to Vemalis = San Joaquin River near Vcmalis load - Stanislaus River
at Ripon load- San Joaquin River at Maze Road load. Positiv~ values mean that the load at the downstream site is under-accounted-for by
inputs from major tributaries. Negative values mean that the load at the downstream site is over-accounted-for by inputs from major
tributaries.                                ¯

3Equals (unaccounted-for load in reach/change in load from Stevinson ~to Vemalis)x 100.
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SUBJECT TO REVISION
B,O00 ~S database using the median of 24 monthly mean

~, 5,o00 pa..rdculate fractions for 1986 and 1988. "1"be paniculate
fractions and load ratios for the San Joaquin River near

~ 4,000 Vemalis site are:
>, 3,000 Wet year
~ (1986) to
"~,.. 2,000 Constituent Particulate dry year

fraction (1988) ratio~ 1,000
Nitrate 0 1.58

0 Total nitrogen 0.14 2.14
,~q" ,~’ ,~r° ,~ ,%~(~ ,(~’@" ,~ ,o~ ,%%~ ,%~ Total phosphorus 0.40 2.78

Year Suspended sediment 1 4.99
30,o00 ...... . ............. Stream flow        less than~       4.50

Total nitrogen
z 25,000 Thus, ~ the transport of suspended
~ 2o,o00 sediment and particulate-associated nutrients increases
~̄ morev~h, a~tran.sport of dissolved nutrients ~.

~ lO,OOO
Relation of Stream Loads to

~" 5,000 Upstream Conditions

Most of the unaccounted-for loads shown in

Year and diversions (see figs. 8 and 13), wastewater treat-
/" 30,00~’ ment plant discharges (see fig. 9), and uncertainty in

fa.
the load estimates (see 95-percent confidence intervalt

25,00~ in table 9). The reach of San Joaquin River from

/ ;" 20,00~
Fremont Ford Bridge (site 20, fig. 17) to Newman (site

\,27) incIudes Los Banos Creek and Newman Slough
~5,00~

~ (fig. 13), which are potentially significant sources of
10,00~ nutrients not attributed to Salt Slough near Stevinson or

~ ~0 Mud Slough near Gustine (sites 19 and 21) or the
5,0 Merced River. Los Banes Creek flows from the Coast

Ranges, through rangeland and wetland areas, and dis-
,~,(k ,,~, .,~% ~,%~ ,o~> ~.%~q,,%~ ,o~% ,%~ ,o~%% charges to Mud Slough below the gaging station. Flow

Year and load in Los Banes Creek would be most significant

1,200,000 during wet periods, such as 1986. Newman Slough, ,
which carries surface and subsurface agricultural

1,0o0,o0o drainage from 4,500 acres and wastewater treatment
~ 800,000 plant effluent from the city of Newman during wet
~ .. periods, discharges to the San Joaquin River just up-
~ 600,000 stream of the Merced River (James and others, 1989).
= These sources could account for much of the nutriento 400,000
~- loads in this reach. In the San Joaquin River from

200,000 Stevinson to Newman, the suspended sediment loads

0 are almost completely accounted for by the inputs from
,,~q,,~, ,~ro,~. ,o~.~ ,%., ,~ ,~ ,~., ^~ o.<> o.q, ~.~ ~.% ~ ,~%<~Mud and Salt Sloughs and the Merced River.

Year The unaccounted-for nutrient and suspended
sediment loads between Newman and Patterson can beFigure 38. Annual nitrate, total nit.r_ogen, total phosphorus,

and suspended Sediment loads at S~n Joaquin River nearattributed primarily to Orestimba Creek, Spanish Grant
Vemalis site, 1972-1990. Drain, Turlock Irrigation District lateral number 5
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(fig. 13), and several smaller agricultural discharges,sampling periods vary among sites, but generally
Turlock Irrigation District lateral number 5 dischargeinclude water years 1986-1988, plus additional
includes effluent from the city of Turlock wastewatermonths. The total nitrogen loading is the sum of the
treatment plant. Unaccounted-for loads between ammonia wet deposition, the nitrate wet deposition,
Patterson and Maze Road (sites 31 and 42, fig. 18) canand the nitrate dry deposition. The state and federal
be attributed primarily to Del Puerto Creek, Hospitalprograms reported wet deposition values based on
Creek, Ingrain Creek (fig. 13), the city of Modesto volume-weighted mean concentrations during
wastewater treatment plant discharge, and severalprecipitation. The dry deposition of nitrate is
smaller agricultural discharges including 0live Avenuecalculated from the ratio of dry-to-wet deposition for
Drain and Grayson Road Drain (sites 32 and 35, ~ western states (Sisterton, 1990).
fig. 18). The significance of theseatmospheric

The Stanislaus River is the only major inputdeposition values was evaluated by comparing the
between Maze Road (site 42, fig. 18) and Vernalis (siteatmospheric deposition of total nitrogen in eight
47). According to the load estimates, there was usuallyselected drainage basins (fig. 39A-H) to the stream
a loss of nutrients and suspended sediment in thisloads carded from the drainage basins 0abie E2). This
reach. This loss can be attributed to agricultural deposition in drainage basins is calculated from the
diversions and uncertainty in the load estimates, total nitrogen values in table 11 and a qualitative

Loads in the San Joaquin River can be roughlyassignment of drainage areas (weighting factors in
assigned as from either west side or east side sourcestable 12) to deposition sites based on precipitation,
based on the estimated loads given in table 9, theelevation, and land use. The eight drainage basins (fig.
unaccounted-for loads, and loading estimates for the39) include three Sierra Nevada basins (A,B,C), three
Turlock and Modesto wastewater treatment plants,valley east side basins (D,E,F), one valley west side
Most nitrate and suspended sediment loads can bebasin (H), and the San Joaquin River near Vernalis
attributed to west side sources, especially during drybasin (C-H).
years. Total nitrogen and total phosphorus loads cannot When comparing atmospheric deposition loads
be clearly attributed to either west side or east sideto stream loads, it is important to consider factors
sources due to the large unaccounted-for component ofaffecting the runoff coefficient for the drainage basin
the total loads (31 to 68 percent, table 10). such as slope, soil characteristics, land use, and the

manipulation of flow. The runoff coefficient is the

Atmospheric Loads proportion of total rainfall volume in a watershed that
flows from the watershed as surface water. This

Nitrogen atmospheric deposition data are avail-coefficient defines the link between atmospheric

able from the State Atmospheric Acidity Protectiondeposition and transport in streams. The link is
Program (California Air Resources Board, 1991) andexpected to be strongest at the Sierra Nevada sites,
the federal National Atmospheric Deposition Prograra,particularly the Merced River at Happy Isles Bridge
or NADP (National Atmospheric Deposition Program(C, fig. 39). This site is in a small headwaters drainage

~ [NRSP-3]/National Trends Network, 1992) for six basin of steep granite with no flow manipulation and is

sites in the stud), unit (sites 1--A5~, fig. 39). Another statewithin 15 mi of an atmospheric deposition sampling
River fi~~, site. As expected, the atmospheric deposition load ofSprin~ville~sitene.ar 7,

outside~-~tudy unit, in Sacramento, is useful to nitrogen is nearly equal to the stream load of nitrogen
estimate dePOsition in the northern half of the San":-in this basin (table 12). The same is true generally for
Joaquin Valley. No atmospheric deposition data werethe larger, lower-elevation Kings River Basin (basin B,
available for phosphorus from these data sources. Mostfig. 39), although the link between deposition and
total phosphorus values measured previously by thetransport is not as strong due to other factors such as
NADP were less than the reporting level of 0.01 mg/Lflow manipulation, lesser slopes, more permeable
as P (Larry Puckett, U.S. Geological Survey, oral soils, and the extrapolation of atmospheric deposition
commun., 1993). loads from more distant sites.

Mean nitrogen loading at each of these sites           The west side drainage basin (H in fig. 39 andduring the sampling peri.o.d...s- is shown in Lable 11. The    table 12) has the least rainfall and the smallest runoff
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Table 11. Mean nitrogen loads at atmospheric deposition sites, San Joaquin-Tulare Basins, California, study unit

[CARB, Ca!ffornia Air Resources Board; NADP, National Atmospheric Deposition Program} ft, feet; NH4-N, ammonia as N; NO3-N,
nitrate as N; torgmi2/yr, ton per square mile per year]

Atmospheric deposition load (ton/mi2/yr)Sits Sits Sampling Altitude Sampling
no. name program (ft) period NH4-N NO3-N NO3-N Total

(fig. 39) (wet) (wet) (dry) nitrogen
1 Bakersfield CARB 394 7/85 - 6/89 0.276 0.136 0.053 0.465

2 Lake Isabella CARB 2,658 7/86 - 6/89 0.104 0. l 16 0.045 0.265

3 Lindcove CARB 459 7/86 - 6/88 0.436 0.252 0.098 0.786

4 Ash Moantain CARB 1,798 7/8 - 6/89 0.432 0.340 0.133 0.905

5 Sequoia National Park (Giant Forest)CARB 6,201 7/86 - 6/89 0.408 0.304 0.118 0.830

5 Sequoia National Park (Giant Forest)NADP 6,240 10/85 - 9/89 0.292 0.263 0.103 0.658

6 Yosemite National Park CARB 4,577 7/85 - 6/89 0.280 0.280 0.109 0.669

6 Yosemite National Park NADP 4,620 10/85 - 9/89 0.354 0.403 0.157 0.914

7 Sacramento CARB 112 7/85 - 6/89 0.508 0.240 0.094 0.842

coefficient of the eight basins. In addition, it has a large Mean stream loads, point sources (municipal and
load of total nitrogen from surface and subsurfaceindustrial), and nonpoint sources (fertilizer application,
agricultural drainage. Thus, atmospheric depositionmanure production, subsurface agricultural drainage,
contributes much less of the stream nitrogen load thanand atmospheric deposition) are summarized for
the Sierra Nevada sites as indicated in table 12. drainage basins C through H (~ble 13; fig. 39). At the

Conclusions about the relative magnitude ofMerced River at Happy Isles (basin C), the only
atmospheric deposition at the other sites are not quantified nutrient source is atmospheric deposition,
possible. The link between atmospheric deposition andwhich accounts for most of the total nitrogen and total
streamflow is weak in the valley due to fiat slopes, flowphosphorus stream load leaving the basin. In the other
manipulation, and agricultural use of precipitation,basins, the mean stream load leaving the basins
Runoff coefficients in the valley are low, and mostaccounts for 5 to 10 percent of the nitrogen sources and
contributions to streamflow are from irrigation retum2 to 5 percent of the phosphorus sources.
flows. Thus, although the deposition load in east side The maximum possible contribution of point
tributaries is greater than stream loads (table 12), thesources to mean stream load is shown in table 13. It was
actual contribution to stream loads is relatively small,assumed that none of the nitrogen or phosphorus from
At Vernalis, the contribution of atmospheric depositionpoint source discharges was diverted at the points .
is undoubtedly less than at the east side tributary sitesidentified in figure 8, and, therefore, flowed to Vernalis’.
because loads from the west side.are almost exclusively¯ This is an unreasonable assumption, especially during
land based. ,. the irrigation season of a dry year when most of the San

...,..
.Joaquin River upstream of the Tuolumne River
confluence is diverted.Total Loads in the Lower San doaquin

River Basin During 1986-i988, the total transport of nutri-
ents from the lower San Joaquin River Basin (fig. 39)

Nutrient loads and sources were evaluated ~or thewas about 5 percent of the total source~ of total
drainage basins shown in figure 39. The shaded area innitrogen and about 3 percent of the total sources of total
figure 39 (basins C-H) is the drainage basiri for thephosphorus (table 13). Nonpoint sources accounted for
lower San Joaquin River, with headwaters in th~ Bearat least 81 percent of this nitrogen transport and at least
Creek drainage, the easte._m._~p.ortion of drainage basin G.68 percent of this phosphorus transport.
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Table 12. Compa~son of stream loads ~nd ~tmospherlc deposition loads for total n= rogenm
Joaquin-Tulare Basins, California, study unit, 198~1988

[~, squ~e ~; to~yr, ton ~r y~]

A~ospherlc

Dralnage basln Drainage Weighting favor for S~eam deposltlon load
(fig. 39) ar~ a~ospheric load for to~l nltrogen,

(mi2) deposition sites (to~r) as N
(to~r)

A Kern ~v~ at K~H¢ 1,~9 ~0.8 Gi~t Forest 386 655
" 0.2 ~e I~Ha

B ~ngs ~v= ~low No~ ForL 1,342 ~0.6 Gi~t Forest 929 1,070
n~ T~ 0.3 ~h Mo~

0.1 ~d~v¢

C Me~c~ ~v~ ~’Happy Isles Bridge 181 ~1.0 Yose~t¢ 149 143

S~ Joaq~n V~ey~ E~ Side
C, D Me~ ~v= n~ SteP,on                 1,273          ~0.7 Yo~te                529            1,020

0.2 Sa~enm
0.1 ~d~ve

E ~ol~e ~ver at Modesm 1,884 ~0.7 Yose~m 717 1,510
0.2 S~ento
0.1 ~d~v¢

F S~slaus ~v~ g ~pon "1,075 z0.7 Yo~ 693 862
0.2 Salem
0.1 ~nd~v¢

S~ Joaq~n
C-H S~ Jo~n ~ver n~ Vem~s 6,948 z0.6 Yose~te 6,697 5,339

0.2 Sa~ento
0.I ~d~v¢
0.1

San Joaq~ V~ey~ W~ Side
H    S~t Slou~ n~ S~n ~d               475         1.0 B~mfield           2,0~            221

Mud Slou~ n~ G~¢

z Average v~u= ~m S~uoia Na~on~ P~ (~t Forest) ~d Yose~m Nafio~ P~k (~le 11).

TRENDS IN CONSTITUENT ~~ ~e o~er sites ~d not have enou~ dam
CONCENTRATIONS d~g ~s ~fiod to mpo~ ~nds. ~e 95-percem

co~den~ level is used ~ ~e criteria for si~c~
Tren~ ~ concen~fions of ~ate, ~o~of upw~d or downw~d ~ends. T~nds b~ on ~e

tot~ ni~gen, o~ophosphate, to~ phosphorus, ~d.:" s~on~ Kend~ rest ~e considered si~fic~t ff ~e
suspended s~ent du~g ~e I980s at ~e long-m~p-v~ues ~e less ~ or equ~ to 0.05. Tren~ ~at were

qu~i~ mo~to~g sites (fig. 18) were ev~uatednot flo~djusted (~le 14) should be considered wi~water
using ~e ~ pro~, F~ ni~te ~d suspended caufion;~e later y~ of ~e ~nd-~ys~ ~fiod
sedimen~ ~e ~end-~ysis period w~ 198~1989.were much ~er ~ ~e e~Her y~s. ~us, some of
~e ~end-~ysis ~fiod for ~e o~er consfimen~ w~~e nonflo~adjusted ~ends, es~ci~y upw~d ~ends,
1982-1989; la~rato~ bi~es were ~po~ for USGScould be primly due to reduced flows.
dam dung water ye~ 1980 ~d 1981. Results of ~e" Nu~ent concen~fions, except ~te, have
~end ~ysis ~ given for 8 of t~ 49 long-te~ sitesbeen d~m~ing at ~e Kern ~ver site d~g ~e 1980s
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Table 13. Estimated loads of total nitrogen and total phosphorus in the lower San Joaquin River Basin, California, by subbasin for late 1980s

[All loads given as ton per year; top number is total nitrogen load, as N, (bold. numbers in parenthes~s represent total phosphorus load, as P); rag/L, nfilligram per liter; mi2, square mile;
ft3/s, cubic foot per second]

Load from point             Load from nonpoint sources .$’~’~aW~
. sources Mea~,~ Point
" Drainage Mean1 Sub- load" sources

Drainage basin stream Atmos- Totalarea surface Fertilizer Manure + +(see fig. 39) load, Muni- Indus- pheric sources
(mi2) agricul- appli- produc- total mean ~I~Cd4A.

1986-88 cipal2 trial3 tural deposi- cations tion7 sources loade

, J drains4 tionS

Merced River at Happy Isles Bridge (C) 181 149 0 0 0- 143 0 0 143 1.04 0.00
(5) (0) (0) (0) (3) (0) (0) (3) (1.67) (O.O0)

Merced River near Stevinson (D) ~ 1,273 529 24 0 0 1,020 2,536 3,720 7,300 0.07 0.05
(43) (4) (0) (0) (20) (365) (1,004) (1,393) (0.03) (0.09)

Tuolumne River at Modesto (E) 1,884 717 0 0 0 1,510 2,263 3,537 7,310 0.I0 0.00
’ " (63) (0) (0) (0) (30) (326) (9231 (1,279) (0.05) (0.0O)

Sianislaus River at Ripon (F) \ 1,075 693 0 0 0 862 3,888 4,698 9,448 0.07 0.00
(77) (0) (0) (0) (17) (560) (1,196) (1,773) (0.04) (0.00)

Mud and Salt Sloughs (H) 475 2,024 0 0 1,392 221 13,733 9,571 24,917 0.08 0.00
(108) (0) (0) (6) (4) (1,978) (2,496) (4,480) (0.02) (0.00)

San Joaquin River~a(Patterson ((2, D, H,3,172 4,560 625 28 1,449 2,437 33,623 34,153 72,315 0.06 0.14

. and part of G) -- , (546) (114) (25) (6) (49) (4,843) (8,900) (13,937) (0.04) (0.25)

San Joaquin Pdver near Vemalis (C, D,6,948 6,697 1,254 28 1,487 5,339 50,931 65,558 124,597 0.05 0.19
E, F, G, and H) (795) (228) (25) (7) (107) (7,335) (16,928) (24,630) (0.03) (0.32)

ISee table 9.
2Based On information in National Pollutant Discharge Elimination System t’des (see table 2) and unpublished antrient data from cities of Turlock and Modesto (see table 3). Calculations are based on total

nitrogen concentration of 23 mg/L as N, total phosphorus concentration of 4 mg/L as P, and total wastewater treatment plant discharge at Vemalis of 58 ft3/s.
3Based on information regarding the industrial discharges shown in figure 9 (Ken Landau, California Regional Water Quality Control Board - Central Valley Region, oral commun., 1993). Most discharges

are assumed to be cooling water only, with no nutrient content. A small milk production facility is included, with estimated nutrient concentrations of 36.5 mg/L as N for total nitrogen and 33.3 mg/L as P
for total phosphorus (Larry Puckett, U.S. Geological Survey, written commun., 1993).

4Assuming a drainage factor of 0.7 acre-feet per acre for the area of tile drains shown in figure 12 (58,489 acre.s) and other reaches of the San Joaquin River (10.010 acres) (from K~tzer ~and others, 1987).
Calculations are based on a total nitrogen concentration of 25 mg/L as N for the 58,489 acres and 10 mg/L as N for the 10,010 acres and a total phosphorus concentration of 0.1 mg/L as P (see table 3) (from
California Department bf Water Resources, 1975).

¯ STotal nitrogen values are shown in table 12. Most National Atmospheric Deposition Progrmn total phosphorus values were less than 0.01 mg/L as P (Larry Puckett, U.S. Geological Survey, oral commun.,
1993), and a nitrogen-to-phosphorus ratio of 50 was used to calculate total phosphorus concentrations for at|uospherie deposition. This results in total phosphorus concentrations of 0.003-0.006 ~ng/L as P.
depending on the site.

6County data from U.S. Environmental Protection Agency, 1990. Calculations based on proporlion of county or ~:ounty’s valley Iloor area in drainage basin.
7County data from U.S. Department of Agriculture and C.alifomia Department of Food and Agriculture, 199 i. Calculations based on propo~ion of county or county’s valley floor a~ea in draiuage basin.
SMaximum possible contribution of point sources to mean stream load.
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Table 14. Trends in nutrient and suspended sediment concentrations during the 1980s, San Joaquin-Tulare Basins,
California, study unit

[Numbe~ (p-vNues) represent dam from SeasonN KendNl test; trend is considered si~fic~t if p-value is less th~ or equN to 0.05.
Symbols: A, upw~d ~end, not flow adjustS; ~, upward trend, flow adjusted; O, no ~end, not flow adjustS; ~, no ~end, flow adjusted;
V, downw~d ~end, not flow adjusted; ~, downw~d ~end, flow adjustS; <, less the; ~, no data]

Nitrate,    Ammonia, Nitrogen, O~hophos-    Total Suspended
Site          S~tlon name(fig. 19) dissolved dissolved total phate phosphorus sediment
No. (198~1989) (1982-1989) (1982-1989) (1982-1989)(1982-1989) (198~1989)

1 Kern ~ver at Kemville O (0.30) ¯ (<0.01) ~ (0.02) V (0.02)    V (0.02)    ¯ (0.75) ~

4 mn~s~ver~lowNoa~Fork, ne~T~mmer, O(0.7~)~(<0.01) ~(0.07) ~0.11) ~(<0.01) 0(0.40

16 S~ Joaq~n ~ver ne~ Stevinson 0(0.33) ~
~.-- ~ 0.94) A (0.02) --

19 S~t S]ou~ ne~ Stevi~son -- -- f~ O (0.17) O (0.43)

20 S~ Jo~n ~ver at Fremont Ford BridgeA (<0.01) -- A (<0.01) -- --

21 Mud Slough ne~ Gusfine .... O (0.12)

47 S~ Joaq~n ~ver ne~ Vem~s ¯ (<0.01) ¯ (<0.01) ~ (0.85) ¯ (0.33) ¯ (0.50) ¯ (0.14)}

/
49 Mokelume ~ver at Woodbddge A (0.05) ~ (0.03) ~ (0.67) O (0.57) ¯ (0.76) ¯ (0.68) /

despite reduced flows during the trend period (table (A) Nitrogen fertilizer apph.’cation and nitrogen
14). This decrease probably is related to the state’s in manure in lower San Joaquin River Basin
continuing effort to improve timber-harvesting (1951-1990) (table 2).
practices and to minimize degradation of stream qual- (B) Five-year running averages (1953-1988) of
ity by domestic wastes and urban runoff. Flow~adjusted estimated nitrate loads in the San Joaquin
ammonia concentrations have decreased at several sites River Basin near Vemalis, in the combined
and probably is related to improved regulation of east side tributaries (Merced, Tuolumne, and
domestic and dairy wastes. The increase in nitrate con- Stanislaus Rivers), and in subsurface agri-
centration in the San Joaquin River near Vernalis (site cultural drains. Loads in the San Joaquin
47) is caused primarily by increased agricultural return River and east side tributaries were corn-
flows to the San Joaquin River. This increase in nitrate puted by the ESTIMATOR program. The
was offset by the decrease in ammonia such that there east side tributary loads are assumed to be
was no trend in the total nitrogen concentration. ~:elated primarily to runoff from fertilizer

A highly significant, flow adjusted, statistical applications. Estimated loads from
trend (p<0.01) of increasing nitrate concentration in the subsurface agricultural drains assume a
San Joaquin River near Vemalis (site 47 [1951-1990]) constant concentration of 25 mg/L as N, a
is sho~vn in fi~.40"~ A combination of NWIS and drainage factor of 0.7 acre-feet per acre
STORET data fills some data gaps and proyides good (acre-ft/acre), and the subsurface drain
coverage for the entire 40-year period. The increasing installation schedule shown in figure 12.
nitrate trend could be attributed to several sources~" .... (C) Five-year running averages of ’normalized’
including subsurface agricultural drainage, runoff from, nitrate concentrations in the San Joaquin
fertilizer application (tailwater), wastewater treatment River near Vernalis, in east side tributaries,
plant effluent, and runoff from dairies. The relative and in subsurface drains (1953-1988) were
confi’ibutions of these sources can be evaluated by calculated by dividing the nitrate loads by
nitrate load estimates and differences in nutrient total annual streamflows in the San Joaquin
concentrations (table 3). River near Vernalis. Concentrations shown

The following information on nutrient sources,’ for each source represent the portion of
loads, and trends relating to this increasing nitrate t,rend concentration at Vernalis contributed by the
at Vernalis is shown in figi~re 4~"-D): " " source.
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Figure 40. Trend in nitrate conceniration at San Joaquin River near Vernalis sitel 1951-1990 (seasonal Kendall tes~-value is
less than 0.01).

(D) Flow;adjusted nutrient concentration trendsrunoff to the lower San Joaquin River from fertilizer
in the-San Joaquin River near Vernalis. application (east side tributaries in fig. 41B) and

Other sources of nitrate loads and concentra- subsurface agricultural drainage (fig. 41B) increased.
tions (fig..41B and C) include wastewater treatmentThus, increased nitrate in the river was due to increases
plant discharges, runoff from dairies, and runoff fromin runoff from fertilizer application and subsurface
fertilizer applications west of the San Joaquin River.drainage during the 1960s.

These sources were especially important in the early Since 1970, phosphorus and ammonia

1980s because of the effect of water year 1983 on theconcentrations in the river have remained relatively
low and stable (fig. 41D). Nitrate runoff from fertilizer5-year running averages. Water year 1983 was an

extremely wet year, and unusually large inputs of applications (east side tributaries in fig. 41B) was: "’

nitrate were probable from the following sources: relatively stable. Nitrate loads to the river from
subsurface agricultural drainage .(fig. 41B) have(1) inflow from the Tulare Basin through Fresno

Slough (fig. 1), (2) discharges from the Modesto increased steadily and w.ere the primary cause of the
increase in concentrations in the river since 1970.wastewater treatment plant (fig. 9), (3) runoff from

dairies, and (4) runoff from fertilizer applications west Nitrate in the subsurface agricultural drainage is
primarily from the leaching of native soil nitrogen and

of the San Joaquin River. not from fertilizer application (Brown, 1975). A study
On the basis of the information summarized inusing 15N labeled fertilizer found that 0nly about 5

figure 41, the source of the nitrate increase during thepercent of the fertilizer applied nitrogen appeared in
1950s is indeterminate. During the 1960s, phosphorussoil extracts (Bureau of Reclamation, 1972). California
concentrations in the lower San Joaquin River tearDepartment of Water Resources (1971) found no
Vemalis decreased (fig. _4_1~), and nitrate loads in correlation between fertilizer application and effluent
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Figure 41. Potential sources oftOtal nitrogen in the Ibwer San Joaquir~asin, California, nitrate loads and concentrations, and
nutdent trends in the San Joaquin River near Vemalis site. See figure’’l 8 for site locations.
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nitrogen in subsurface agricultural drains. A massnitrate, total phosphorus, and suspended sediment
balance for a drained area showed that nitrogen in theconcentrations at five San Joaquin River sites
harvested crops accounted for almost all the applied(figs. 42-44). Similar data are shown in scatterplots for
fertilizer nitrogen (Brown, 1975). Despite large five representative long-term sites (figs. 45-47). The
increases in fertilizer application (table 2), nitratelong-term sites are two Sierra Nevada sites (Merced
concentrations in the Grasslands area (fig. 10) haveRiver at Happy Isles Bridge [site 22] and Tuolurrme
been fairly constant since at least 1967, based on DWRRiver at LaGrange Bridge [site 37]), two east side
monitoring data (California Department of Water valley sites (Tuolumne River at Tuolumne City [site
Resources, 1975, 1986). 39] and Stanislaus River at Koetitz Ranch [site 46]),

The increase in nitrate concentrations duringand one west side valley site (Salt Slough near

1972-1990 also is apparent at most other sites on theStevinson [site 19]).
lower San Joaquin River shown in’fig~’42:. Flow,.- The increasing nitrate trend at the San Joaquin
adjusted scatterplots with LOWESS trend lines showRiver sites shown in figure 42 probably is due to

EXPLANATION
@ Value
¯ Less than value

-- Concentration trend

5.0p 11303500 Site 47, San Joaquin River near Vernalis

86 Water Quality Assessment and Analysis of Data, San Joaquln-Tulare Basins, California, 1972-1990

D--040021
[3-040024



SL~B.IECT TO ffEV!S~(}N
! agricultural return flows. All sites appear to have late 1980s; however, this trend is not statistically

- increasing concentrations except for the San Joaquinsignificant.

River near Stevinson site (site 16), which is upstream ofThe only visual trends for nitrate at the long-term
most agricultural return flows. The increasing nitratesites are an increasing trend at the Salt Slough site and

trends at the Vernalis site (site 47) and Fremont Forda decreasing trend at the Stanislaus River site (site 46
i Bridge (site 20) are statistically significant for the 1972-[fig. 45]). These trends are not statistically significant
! 1990 time period (p<0.001 and p=0.012, respectively),due to the lack of sufficient data during the period. The

i. The lack of trends at Vemalis (site 47) for total Sierra Nevada site on the Merced River also appears to
¯ " phosphorus and suspended sediment concentrationshave an increasing trend for nitrate due to the method
i also is apparent at the upstream sites (figs. 43 hnd 44)..by which values below the detection limit for the
~!. The Patterson site (site 31) appears to have increasingLOWESS trend line are set to the detection limit by the

concentrations of total phosphorus (fig. 43) during thePT2 program. The trend lines for total phosphorus and

EXPLANATION
e Value
¯ Less than value

~ Concentration trend

11303500 Site 47, San Joaquin River near Vernalis
1.0~

0

~ ;I 1290500 Site 42, San Joaquin River at Maze Road

¯ ",: I ’ ’ ’ ’ °; io ’ ’ ’ ’ ’ ’
’: ~

-~
~

11274570 8it~ 31, San Joaquin River near Paterson

~

~ 0 I l I 1 @I I I I I I I I I t I ! I ! 3

:~
~

371836120554204 Site 20, San Joaquin River at ~rem?nt F?rd ~rid9~ , , ,

. I    I    I    I    I    I    I    I                .       I

~.o

o
1975 1980 1985, 1990

, Water year
Fi~ur~ 43. Total phosphorus concentrations at selected San Joaquin River sites, California, 1972-1990. See figure 18 for site
locations.                   -~:- ..            ’. ¯ i
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suspended sediment concentrations are basically flat "concentrations and loads in the San Joaquin-Tulare
for the representative sites that have adequate dataBasins for 1972-1990 are described. A database
coverage during the period (figs. 46 and 47). The representative of ambient surface water conditions was
Merced River at Happy Isles Bridge and the Tuolumnedeveloped by excluding sites representing or directly
River at La Grange Bridge sites (sites 22 and 37, influenced by small subsurface agricultural drains,
respectively) could not be flow adjusted for total wastewater treatment plant effluents, major water
phosphorus and suspended sediment, and only concen-supply canals, and reservoirs. This database included
tration trends are shown for these sites.The Stanislaus432 sites with data on nutrient and(or) suspended
River at Koetitz Ranch site (site 46) could not be flowsediment concentrations. For this report, data analysis
adjusted for suspended sediment, was limited to 49 long-term sites with 3,397. nutrient

samples and 5,089 suspended sediment samples.

SUMMARY AND CONCLUSIONS
Comparisons of nutrient and suspended sedi-

ment concentrations were made among three environ-
The spatial and temporal availability of nutrient    mental settings in the study unit: the west side of the

and suspended sediment data and patterns of           San J’oaquin Valley, the east side of the San Joaquin

EXPLANATION
~ Value

~ Ooncentration trend

400 11303500 Site 47, San Joa¢        =ear Vernalis

0

400 11290,500 S, ite 421 San ,Joaquln Riv,er at M, aze Road

400       ~ near Paflerson l T I

400 aT~ 8~6~ 20~5420~ S~e y0, S~n           do~qu[n N~ver at Fremont ~ord

O I I

400 1120qS15 ~ite 10~ San ?oaq~in Ri~er near Ste~inson,

] 975 ~ 980 ~ 985 ] 990
Water year

Rgure 44, Suspended s~d~ment concentrations at selected San doaqu~n N~ver sites, CafiforNa, ~ 972-~ 990. Se~ fi~ur~ ~ 8 for
locations.
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Valley, and the Sierra Nevada. The primary land use is Discharges and diversions of agricultural drain-
agriculture at the valley sites and forest at the Sierraage and reservoir operations create some unusual
Nevada sites. Soils at the western valley sites arestreamflow versus concentration relations in the study
primarily fine-grained alluvial deposits from the Coastunit. At the San Joaquin River near Vernalis site, nitrate
Ranges; the eastern valley sites are primarily coarser-concentrations increase with streamflow at flow rates
grained alluvial deposits from the Sierra Nevada. less than 1,000 cubic feet per second, then decrease
Nutrient and suspended sediment concentrations inwith streamflow at higher flow rates. Suspended sedi-
surface water are highest on the west side of the valley,ment concentrations decrease slightly with streamflow
Within the study unit, concentrations of nutrients andat the Vemalis site. Nutrient concentrations in the lower
suspended sediment in agricultural areas are not signi-San Joaquin River are determined primarily by
ficantly different from national averages. However, therelatively concentrated inputs from west side agricul-
concentrations of these constituents in forested areastural drainage, discharges from east side wastewater
are significantly lower than national averages, treatment plants and dairies, and by relatively dil-~te

EXPLANATION
Value
Less than value
Concentration trend

0.45 11264500 Site 22, Merced River at Happy Isles Bridge

z 0
t~

374000120274201 Site 37, Tuolumne River at La Grange Bridge

0
._~

373612121080001 Site 39, Tuolumne River at Tuolumne City

0~ 374200121101201 Site 46, Stanislaus River at Koetitz Ranch
.~- 1.4

= 0 I I I I I I. I I I    l    l    !    I I I    I    1    I

~ ¯
o 11261100 Site 19, Salt Slou! h near Stevinson"
,’7- 15

-

0    ! !
1975 1980 1985 ¯ 1990

~Water year

Figure 45. Nitrate concentrations at re.presentative sites !n San Joaquin-Tulare Basins, California, study unit, 1972-1990. See
figure 18 for site locations.       ----..
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inputs from major east side tributaries. On the basis ofstreamflow was 4.50. Ratios of loads increased with
size distribution and load calculations in the Sanparticulate fraction of the constituent: 1.58 for dis-
Joaquin River and tributaries, most suspended solved nitrate, 2.14 for total nitrogen, 2.78 for total

¯ " sediment in the river comes from west side sources,phosphorus, and 4.99 for suspended sediment. During
Load calculations were attempted at all 49 long-water years 1986-1988, nonpoint sources accounted

term sites in the study unit for water years 1986-1988.for at least 81 percent of the total nitrogen load and 68
Reasonable estimates of nitrate loads were calculatedpercent of the total phosphorus load leaving the San
at 23 sites, total nitrogen at 15 sites, total phosphorus atJoaquin Basin. The overall transport of total nitrogen
20 sites, and suspended sediment at 14 sites. Nutrientand total phosphorus from the basin during this time
ānd suspended sediment loads in the lower San Joaquinwas 5 percent and 3 percent of the total sources,
Rivet were much greater in a wet year (1986) than in a-espectively. Atmospheric deposition is probably the
critically dry year (1988). The ratio of 1986 to 1988)dreary source of nitrogen load at high ,~Nevada

EXPLANATION
¯ Value

; ¯ Less than value
~ Concentration trend

’- n 9.~ 11264500 Site 22, Merced River at Happy Isles Bridge

0 ~
-=~...<’- 374000120274201 Site 37, Tuolumne River at La Grange Bridge

’1
~ 1975 1980 1985 1990 .

0.38 374200121101201 Site 46, Stanislaus River at Koetitz Ranch1 1 I 1 ~ 1 I I I I I I I I I l I I

~- ~ ~ o

’ e~-~-,    o     , , , , , , , , , , , , , ,    , , ,    ,

~ ~ 0.51 373612121080001Site 39, Tuolumne River at Tuolumne City
i"i

I
I I I I I . I I I I I I I I I I I I ~ I

~: .~ 112611 O0 Site 19, Salt Slough near Stevinson
o "~ 0.51

o                          ¯

0 i I I    I    I    l    1    i    I    i i i t I i
1975 1980 1985 1990

Water year

~gu~ 4ti. T~tal ~hosphom~ concentrations ai representative sites in San Joaquin-Tulare Basins, California, study unit,
972-90. See figure 18 for site locations.
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sites and is a minor source at sites on the west side of    Mokelumne Rivers. This decrease is probably related
the valley. Overall, the atmospheric load is probably ato improved regulation of domestic and dairy wastes.
small component of nutrient export from the study unit.

v/" Flow-adjusted nitrate concentrations in the lower
San Joaquiii River have increased steadily since 1950.REFERENCES ClTI=D
This can be attributed to many factors, including
increases in subsurface agricultural drainage, fertilizerAlexander, R.B., and Smith, R.A., 1990, County-level

~ application, wastewater treatment plant effluent, and estimates of niu’ogen and phosphorus fertilizer use in
runoff from dairies. Since 1970, this increase has beenthe United States, 1945 to 1985: U.S. Geological
due primarily to increases in subsurface agricultural Survey Open-File Report 90-130, 12 p.

V"~ drainage of mostly native soil nitrogen. Flo~adjustedAlexander, R.B., Smith, R.A., and Schwarz, G.E., 1993,
ammonia concentrations decreased between 1982- Correction of slzeam quality trends for the effects of
1989 at Sierra Nevada sites on the Kern and Kings laboratory measurement bias: Water Resources
Rivers and at valleysites on the lower San Joaciuin andResearch, v. 29, no. 11, p. 3821-3833.

EXPLANATION
¯ Value
¯ Less than value

~ Concentration trend

11264500 Site 22, Merced River at Happy Isles Bridge

374000120274201 Site 37, Tuolumne River at La Grange Bridge

374200121101201 Site 46. St~anisl=aus R~iver =at ~o=etitz =Ranc~h

373612121080001 Site 39, Tuolumne River at Tuolumne City

~:=__t~ 0 ! 1 I t I 1~ I I ¯ I    1    I    I    1    I    I    I    I    1
~: ;-
~ .- 11261100 Site 19 near Stevinson
-~ =£ 270

_ ~.o-

0
ou. ~ 1975 1980 1985 1990

¯ Water year
Figure 47. Suspended sediment con,centrations at representative sites in San Joaquin-Tulare Basins, California, study unit,
1972-1990. See figure 18 for site Iochti0ns.           ,,
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